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Flowering plants produce floral meristems in response to intrinsic and extrinsic 
flowering inductive signals. In Arabidopsis, the floral meristem identity genes LEAFY 
(LFY) and APETALA1 (AP1) are activated to play pivotal roles in specifying floral 
meristems during floral transition. When the activity of either gene is lost or 
up-regulated, meristems that would normally develop into flowers are converted into 
shoot-like structures or vice versa. This implies that both genes are critical regulators 
mediating the transition from vegetative to reproductive development. In this thesis we 
show that floral meristems initiate like shoot meristems and require AP1 to repress 
directly flowering-time integrators SHORT VEGETATIVE PHASE (SVP), 
AGAMOUS-LIKE 24 (AGL24) and SUPPRESSOR OF OVEREXPRESSION OF 
CONSTANS 1 (SOC1) to specify partly their floral identities. In wild-type plants, these 
flowering time genes are normally down-regulated in emerging floral meristems. 
Ectopic expression of these flowering genes in wild-type plants causes the 
transformation of floral meristems into shoot meristems. Without AP1 activity, these 
flowering-time integrators can interact ectopically to transform the meristems of 
perianth floral organs into shoot meristems. By posttranslational activation of a 
biologically functional AP1-GR fusion, we further demonstrate the repression of these 
flowering time genes by induced AP1 activity. Moreover, this induction is independent 
of the cycloheximide treatment, indicating that these flowering time genes are 
immediate targets of AP1 protein. Our findings suggest that once AP1 is activated 
 XIV
during the floral transition, it acts partly as a master repressor in floral meristems, 
providing a feedback regulation of flowering time genes to prevent the reversion of 
floral meristems into shoot meristems during flower development. 
      
 XV
Chapter 1 Literature review 
Introduction  1.1 
Flowering plants include 250,000 extant natural species and other more varieties 
generated by horticulturists through hybridization and other breeding efforts. They 
represent one of the most successful and diverse groups of organisms on the planet. For 
centuries, the mechanisms for their growth and development have been enchanting 
numerous researchers. One of the major interests is studying the mechanism of flower 
development that is regulated by multiple developmental and environmental cues.  
Plants ensure the switch to flowering at a time when sufficient internal resources have 
been accumulated and the environmental conditions are favorable, which is essential to 
maximize reproductive success for optimal seed set. Distinct reproductive strategies 
have evolved in different plant species. Although plants such as orchids, roses and 
snapdragons have distinctive flowers, most of flowers of other plant species contain 
just four distinct organ types and their development may involve highly conserved 
molecular mechanisms. 
In the past couple of decades, knowledge on the molecular and genetic mechanisms that 
underlie floral induction, floral patterning, and floral organ identity has been 
extensively explored. A lot of studies on three dicot species, Antirrhinum majus, 
Arabidopsis thaliana, and Petunia hybrida have elucidated relevant basic mechanisms. 
In particular, Arabidopsis, a type of small plants in the mustard family, has been 
established as a model plant species to address the basic questions of plant reproductive 
development, and the derived knowledge has been compared with the cognate 
mechanisms in other eukaryotes. Although researches on Antirrhinum and Petunia 
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have also provided some fundamental breakthroughs and contributed to our 
understanding of flower development, it is from Arabidopsis that the most detailed and 
comprehensive picture of the molecular mechanisms underlying flower development 
has been obtained. One of the essential issue in the field of flower development is the 
applicability of the floral patterning mechanisms to a wide range of plant species. The 
molecular and genetic mechanisms known from the investigation of model species 
serve as the basis for studies on other species, many of which are of economic 
importance (Fletcher 2002; Lohmann & Weigel 2002; Weigel & Jurgens 2002; Thomas 
2004; Krizek & Fletcher 2005). The ultimate research goal of plant reproductive 
growth is to apply useful information into cultivating economically important plants for 
human and ecological benefit.  
One interesting fact is that a plant is derived from a small population of microscopic 
meristems, which are remarkably self-renewing structures. During embryogenesis, 
angiosperm plants generate two distinct apical meristems, the root apical meristem and 
the shoot apical meristem (SAM), which act throughout the life of the plants as 
continuous sources of new cells for organogenesis. These meristems consist of small 
populations of morphologically undifferentiated, pluripotent stem cells located at the 
tips of roots and shoots. The root apical meristem produces the cells of the primary and 
lateral root system, whereas the shoot apical meristem produces the leaves, stems, and 
flowers that compose the above-ground architecture of the plants. Thus, the proper 
function of root and shoot apical meristem is critical for normal growth and 
development (Fletcher 2002). With the continuous differentiation of stem cells, the 
flowering plants go through a phase of vegetative growth, during which they produce 
vegetative tissues such as stems and leaves, and a flowering phase, during which they 
produce the organs for sexual reproduction.  
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SAM is a major source of the above-ground part of a plant, which can be subdivided 
into several layers and zones. A small cluster of enlarged and highly vacuolated cells lie 
at the apex of the SAM. This cluster of cells, which comprises the reservoir of 
pluripotent stem cells, is termed the central zone (CZ; Steeves & Sussex 1989). The CZ 
of the SAM contains infrequently dividing stem cells at the top. The displaced daughter 
cells from the CZ contribute to the peripheral zone (PZ) where its frequent yet regulated 
proliferation produces lateral organ primordia or lateral meristems. Below the 
organizing centre of CZ is the rib zone (RZ) whose progeny form the central tissues of 
the shoot axis (Fig. 1A). In most angiosperms, the SAM is also divided into three 
separate ‘germ’ layers (Satina et al. 1940; Rita & Thomas 2003). The L1 layer cells are 
the precursors of the epidermis of shoots, leaves, and flowers, whereas the derivatives 
of L2 layer cells provide the mesodermal cells and the germ cells of pollen grains and 
ovules. The rest cells generate the stem vasculature and pith as well as the innermost 
cells of leaves and floral organs. Thus, the SAM performs two functions: (i) it keeps 
producing cells for lateral organ primordia or lateral meristems and for other 
differentiated tissues of a stem; (ii) it maintains the stem cell pool throughout the life of 
a plant. To function as a site of continuous organogenesis, the SAM must maintain a 
constant balance between loss of stem cells through differentiation and their 
replacement through cell division. Mutational analysis has revealed the importance of 
this balanced state for proper plant development. Arabidopsis mutants with reduced 
meristem activity fail to form the full set of lateral organs and often terminate growth 
prematurely, whereas mutants with hyperactive meristems have greatly enlarged stems 
and produce supernumerary organs (Fletcher 2002).  
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Fig.1 Organization of shoot meristem and feedback regulation of stem cells in 
different meristems. (A) Schematic diagram of the Arabidopsis SAM with 
developing lateral organs. The SAM is organized in layers cell layers (L1 and L2) and 
zones (CZ, central zone; PZ, peripheral zone; RZ, rib zone). (B) Comparison of 
different feedback regulatory pathways in the indeterminate shoot meristems and 
determinate floral meristems (Fletcher 2002; Rita & Thomas 2003). 
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Shoot meristem maintenance  1.2 
Stem cell maintenance in the SAM is an active process, requiring constant 
communication among different regions of the SAM to coordinate loss of stem cells 
through differentiation and their replacement through cell division (Sharma et al. 2003). 
Stem cell activity in Arabidopsis shoot and floral meristems is mediated by signaling 
across different layers of the meristems, involving both positive and negative 
interactions. The CLAVATA3 (CLV3) signal originates from the apex of vegetative 
shoot meristems and floral meristems and is perceived by the underlying 
CLV1-expressing cells. A CLV1/CLV2 receptor kinase complex binds to the CLV3 
ligand via the extracellular LRR domains. Ligand binding in the presence of the active 
CLV1 kinase domain forms the complex to further activate downstream signal 
transduction, which limits the expression of WUSCHEL (WUS), a positive stem 
cell-promoting transcription factor, to a small group of cells in deeper regions of the 
meristem (Fig. 1B). Therefore, when CLV3 is over-expressed, WUS transcription is 
abolished, resulting in the complete loss of stem cells. Meanwhile, activity of the 
positive pathway mediated by WUS promotes the expression of CLV3 and the 
persistence of the CLV3-expressing stem cell pool. WUS mRNA is not detected in the 
L1 or L2 layers of wild-type meristems, so stem cell activity in these superficial cell 
layers is likely to be maintained by an inductive signal mediated by WUS (Fig. 1B). 
Disruption of the negative pathway in clv mutants leads to an expansion of the WUS 
expression domain and thus excess stem cell accumulation. Conversely, disruption of 
the positive pathway in wus mutants leads to insufficient specification of stem cells, 
causing premature meristem termination. These regulatory mechanisms demonstrate a 
balanced feedback system, which enables the maintenance of the normal SAM 
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throughout the life of the plant. In addition, maintenance of the SAM requires one of 
four members of Arabidopsis SNF2 ATPases SPLAYED (SYD) (Wagner and 
Meyerowitz 2002). Genetic analysis of SAM defects in double mutants of syd 
combined with mutants in other meristem regulating factors indicates that SYD largely 
acts in the WUS pathway (Kwon et al. 2005). Furthermore, it has been found that SYD 
regulates the stem cell pool in the SAM via direct transcriptional control of WUS. SYD 
is required for up-regulation of WUS transcription and can bind to a proximal promoter 
region in the WUS locus (Kwon et al. 2005).  
Thus, the signaling between CLV3-expressing and WUS-expressing cells determines 
stem cell maintenance at the apex of shoot and floral meristems. This signaling 
establishes a stable feedback loop between stem cell–promoting and stem 
cell–restricting pathways to preserve stem cell number at equilibrium. On the one hand, 
this feedback regulation plays an important role in terminating stem cell activity under 
the appropriate circumstances. On the other hand, long-term maintenance of a stem cell 
population is critical for the particular developmental habit of plants, that is, continuous 
organ formation to achieve maximal growth under constantly changing environmental 
conditions (Sharma et al. 2003).  
Like the SAM, the floral meristem harbors a population of stem cells that provide cells 
for developing floral organ primordia in all four whorls into the organs of sepals, petals, 
stamens and carpels. In this aspect, a floral homeotic gene, AGAMOUS (AG), and WUS 
function as key regulators mediating the balance of determinate and indeterminate 
growth, and termination of floral meristem is brought about by a WUS–AG feedback 
loop (Lenhard et al. 2001; Lohmann et al. 2001). The interactions among LFY, WUS 
and AG in the center of Arabidopsis floral meristems provide a mechanism to explain 
 21
the differential effects of stem cell regulation in flowers versus shoots (Fig. 1B). 
Genetic evidence suggests that WUS protein acts cooperatively with LFY to activate 
AG expression in early-stage floral meristems (Weigel & Nilsson 1995). AG, in turn, 
represses WUS and prevents further renewal of the floral stem cell reservoir in the 
established floral promordia. The WUS–AG feedback loop is different from the 
WUS–CLV3 loop that maintains the SAM in that WUS–AG loop functions temporally in 
the same cell population to transform an indeterminate state of the floral meristem to a 





The balance of feedback regulation of signaling pathways in the SAM ultimately 
generates the aerial parts of plants. Over the plant life cycle, the activity of the 
meristem determines a series of growth phases via the process of meristem 
differentiation (Poethig 1989; Schultz & Haughn 1993; Ratcliffe et al. 1998), which 
includes three stages of developmental programs. 
Two of these differentiation programs specify different phases of vegetative 
development; while another regulates the differentiation of reproductive structures. The 
temporal sequence of these differentiation programs is regulated by threshold responses 
to environmental stimuli, such as light quality and temperature, and endogenous 
developmental signals. Differentiation programs are synchronized with organ 
production and growth via the effect of these programs on cell division and expansion, 
and by a thermal clock that is shared by all of these programs (Poethig 2003).  
 
Differentiation of vegetative SAM 
After its initiation during embryogenesis, the SAM starts to generate the aerial part at 
the juvenile vegetative phase. This is characterized by production of leaf primordia 
with a pattern of differentiation distinct from that in the subsequent adult vegetative 
phase. Some visual markers of the transition from the juvenile to adult vegetative phase 
in Arabidopsis have been described. For example, juvenile leaves produce epidermal 
hairs (trichomes) only on the upper (adaxial) surfaces, whereas adult leaves produce 
trichomes on both their upper and lower surfaces. During the whole process of 
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vegetative development, the SAM continuously generates leaf primordia directly from 
its flanks in a stereotypical spatial arrangement until the plant enters the stage of 




Differentiation of transitional SAM 
The second phase of the transition to flowering has been recognized as one of the 
critical phase changes in flowering plants. During this phase, only the adult vegetative 
meristem is competent to respond to floral induction (Telfer et al. 1997), thus regulating 
the developmental transition from vegetative to reproductive development (Battey 
2000; Izawa, et al. 2003; Simpson et al. 2002). This process is rarely reversible, 
ensuring that the timing of floral transition is optimal for pollination and seed 
development. The molecular mechanisms of different genetic pathways contributing to 
this process have been intensively dissected using molecular genetic approaches in 
Arabidopsis.  
Genetic pathways in the control of flowering time 
Genetic analyses of a large number of Arabidopsis flowering time mutants have led to a 
model describing an integrated network of pathways that quantitatively control the 
timing of the floral transition. The multiple pathways quantitatively regulate a pair of 
common targets, the flowering pathway integrators FLOWERING LOCUS T (FT) and 
SOC1, which in turn regulate the conversion of the vegetative SAM into the 
inflorescence SAM that can potentially generate numerous floral meristems on its 
flankings (Kardailsky et al. 1999; Kobayashi et al. 1999; Blazquez et al. 2000; Samach 
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et al. 2000; Lee et al. 2000; Hepworth et al. 2002; Moon et al. 2003). There are four 
main genetic pathways determining the flowering time in Arabidopsis. They are 
long-day photoperiod, gibberellin (GA), autonomous, and vernalization pathways (Fig. 
2; Koornneef et al. 1998b; Mouradov et al. 2002; Simpson & Dean, 2002) 
The long-day photoperiod pathway in Arabidopsis.promotes flowering, which is 
largely through the effect of the photoperiod-dependent regulator CONSTANS (CO). 
CO encodes a nuclear protein that contains two B-box zinc finger domains (Putterill et 
al. 1995). co mutants are late flowering particularly in long-day photoperiods 
(Koornneef et al. 1991), while overexpression of CO results in very early flowering 
(Simon et al. 1996; Onouchi et al. 2000). Previous studies have suggested that light 
quality and circadian clock components can determine the accumulation of CO protein 
by both transcriptional and post-transcriptional control. In particular, light in the later 
part of the day/night cycle enhances CO transcription and also stabilizes the protein 
(Hepworth et al. 2002; Izawa et al. 2003).  
A second pathway involves the promotion of flowering by the phytohormone 
gibberellic acid (GA). GA is one important class of plant hormones affecting multiple 
aspects of plant development, including germination, stem elongation, the transition to 
flowering, and floral development. The ga1mutants, defective in the biosynthesis of 
GA, exhibit dramatic delays in the timing of flowering when grown in short days but 
not in long days, suggesting that GA is an important stimulator of flowering in the 
absence of long-day promotion (Wilson et al. 1992; Moon et al. 2003). So far, it has  
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Fig. 2 Schematic representation of the four main pathways affecting floral 
initiation in Arabidopsis thaliana. SOC1 and FT serve as flowering time integrators. 
LFY and AP1 serve as the floral meristem identity genes. 
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been known that several DELLA repressors in the GA signaling pathway are 
responsible for the control of flowering time. In particular, loss of function of RGA and 
RGL2 can fully rescue the late-flowering of ga1-3 (Dill & Sun 2001). Also, it has been 
suggested that GA can probably promote flowering via the regulation of floral meristem 
identity gene LEAFY (LFY) (Blazquez et al. 1998). Despite of these advances, it is 
unclear which are the direct targets of DELLA proteins of GA signaling in the control of 
flowering time.  
The third pathway, the autonomous pathway, functions in controlling flowering in an 
environment-independent manner. That is, in whichever environmental conditions, 
wild-type Arabidopsis plants do eventually flower. This is because some genes in the 
antonomous pathway can respond to endogenous developmental signals, e.g. plant size, 
and control flowering by regulating the expression of FLOWERING LOCUS C (FLC)., 
a central regulator of the autonomous and vernalization pathways (Martinez-Zapater & 
Somerville 1990; Koornneef et al. 1991) 
The fourth vernalization pathway promotes flowering in response to temperature. In 
temperate environments, the long period of cold temperature over the winter can 
promote flowering, making the reproductive development occur in spring and summer 
an extended cold treatment (vernalization) that mimics over-wintering stimulates 
flowering in many Arabidopsis accessions. The genetic control of vernalization was 
investigated by crossing winter annual varieties that require vernalization with summer 
annual varieties that do not. These varieties differed at two loci, FLC and FRIGIDA 
(FRI), and dominant alleles at these loci in the winter annual are required to confer a 
vernalization requirement (Burn et al. 1993a; Lee & Amasino 1993; Clarke & Dean 
1994). Molecular genetic analysis of FRI/FLC suggests that the vernalization pathway 
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acts in reducing FLC RNA/protein expression level in response to extended exposure to 
cold treatment. Several lines of evidence suggest that vernalization controls FLC 
epigenetically, either by altering the methylation state of FLC or by controlling 
chromatin structure (Sheldon et al. 2002; Gendall et al. 2001; Burn et al. 1993b). 
Integration of Arabidopsis Flowering Pathways 1.3.2.2 
Although the photoperiod, GA, autonomous, and vernalization pathways can act 
independently to promote flowering, several studies have revealed the genetic 
interactions downstream of these pathways. For example, genetic analysis suggests that 
the GA pathway probably acts in parallel to the photoperiod pathway because there is 
redundancy among mutations affecting these two pathways. These pathways eventually 
converge on common downstream target genes, called flowering pathway integrators, 
which further regulate floral meristem identity genes (Simpson & Dean 2002). 
FLC is a convergence point for the autonomous and vernalization pathways. It is 
consistent with the observation that mutants of the autonomous pathway genes are late 
flowering under all photoperiod conditions, but are highly responsive to vernalization. 
The genes FCA, FLOWERING LOCUS D, FPA, FVE, FY and LUMINIDEPENDENS 
(LD) are involved in the autonomous pathway, whereas the genes VERNALIZATION 1 
(VRN1),VRN2 and VIN3 are involved in the vernalization pathway (Chandler et al. 
1996, Koornneef et al. 1998a, Gendall et al. 2001, Levy et al. 2002, He et al. 2003, 
Sung & Amasino 2004).  
SOC1 and FT are two important flowering integrators downstream of several major 
flowering genetic pathway in Arabidopsis. Several recent studies have elucidated how 
antagonistic CO-dependent and FLC-dependent spatial and temporal regulation of 
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SOC1 and FT take place in the leaves and meristems during floral transition. In the 
leaves, FT is a direct major target that is activated by CO with photoperiod perception 
signals (Samach et al. 2000) and is simultaneously repressed by FLC. It is vernalization 
that releases the block of the expression of FT by FLC.  The FT RNA, is deemed as the 
systemic flowering signal that can pass the message of flowering from vegetative 
tissues to the shoot apex (Abe et al. 2005; Huang et al. 2005, Wigge et al. 2005,), where 
the protein complex of FT and FD, a bZIP transcription factor, can promote flower 
development via transcriptional activation of the floral meristem identity gene AP1. 
However, FLC activity in the meristem suppresses the response to the FT signal by 
directly repressing SOC1 and FD (Helliwell et al. 2006; Searle et al. 2006). 
Vernalization reduces FLC expression in the meristem, thus allowing the increased 
expression of FD and SOC1 in the meristem in response to flowering time signals.  
While the GA-responsive element in the SOC1 promoter has not been defined, the GA 
pathway is so far the only known pathway that can activate SOC1 under short-day 
conditions (Borner et al. 2000; Moon et al. 2003).  
Flowering time repressor SVP 1.3.2.3 
SHORT VEGETATIVE PHASE (SVP) is one of those recently discovered MADS-box 
genes affecting flowering time in Arabidopsis (Hartmann et al. 2000). SVP acts as a 
dosage-dependent repressor of flowering. Its loss-of-function mutants exhibit early 
flowering, while overexpression of SVP results in late flowering. Previous studies 
suggest that SVP may exert its function independently of environmental factors like 
photoperiod and temperature. Thus, it may act in the autonomous and/or GA pathways. 
The exact position of SVP in the genetic pathways in the control of flowering time 
needs to be further clarified.  
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Phylogenetic analysis assigned SVP to the StMADS11 subfamily of MADS-box 
proteins that comprises SVP orthologous genes from several species (Fig. 3; Becker and 
Theißen, 2003; Kane et al. 2005). The SVP gene encodes a typical MIKC MADS-box 
protein that consists of modular structure of MADS domain (M), intervening region (I), 
K box (K), and, C-terminal region (C,), which will be further discussed in Section 1.5. 
Sequence comparison showed that SVP shares highest similarity with JOINTLESS and 
INCOMPOSITA in the amino acid identity (Mao et al. 2000). The SVP gene consists of 
nine exons and eight introns, while both JOINTLESS and INCOMPOSITA have eight 
exons and seven introns. The SVP MADS-box domain is encoded by the first exon, a 
typical feature of MIKC type MADS-box genes. similarity with JOINTLESS and 
INCOMPOSITA in the amino acid identity (Mao et al. 2000). The SVP gene consists of 
nine exons and eight introns, while both JOINTLESS and INCOMPOSITA have eight 
exons and seven introns. The SVP MADS-box domain is encoded by the first exon, a 
typical feature of MIKC type MADS-box genes.  
The members from StMADS11 clade perform very diverse functions during plant 
development. For example, JOINTLESS controls tomato flower abscission zone 
development (Mao et al. 2000;), while AGL24 and SVP are involved in the control of 
flowering time (Hartmann et al. 2000; Yu et al. 2002; Michaels et al. 2003). In this 
thesis, we will further discuss the function of AGL24 and SVP in flowering time control 
and their effects on floral meristem development.  
1.3.3 Differentiation of inflorescence SAM 
Inflorescence SAM has intrinsic potentials to continuously generate floral meristems 
on its flankings. Flowering pathway integrators function as positive regulators of floral 
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Fig. 3 Phylogenetic tree of StMADS11 subfamily. Both AGL24 and SVP belong to 
StMADS11 group of MADS-box domain proteins. This tree illustrates major 
MADS-box regulatory proteins of the StMADS11 subfamily in monocots and dicots. 
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meristem identity genes LFY and AP1 whose synergistic activities in turn specify the 
floral meristem identity. Additionally, the flowering pathway integrators may control 
the timing of flowering by regulating floral meristem identity genes. Single soc1 
mutants do not alter floral initiation as evident from their nearly negligible effects on 
the number of coinflorescences. However, when combined with lfy, soc1 lfy double 
mutants demonstrate a severe co-inflorescence phenotype with a continuous production 
of secondary shoot-like structures in addition to the failure of producing mutant flowers 
typical of lfy. Similarly, loss of function of another flowering pathway integrator FT 
and LFY, i.e. ft lfy, shows a dramatic delay of floral meristem initiation. Interestingly, 
FT and LFY share overlapping functions in activation of the expression of the floral 
meristem determinant AP1. Interaction between FT and FD contributes to activation of 
AP1 in the emerging floral meristems, which is independent of LFY activation of AP1 
(Wagner et al. 1999; Huang et al. 2005; Wigge et al. 2005; Abe et al. 2005).  
Shoot meristem identity genes, especially TERMINAL FLOWER1 (TFL1), specify and 
maintain the indeterminate inflorescence SAM. Previous studies have shown that TFL1 
functions by suppressing AP1 and LFY expression in the inflorescence SAM to prevent 
its transformation into floral meristems (Shannon & Meeks-Wagner 1991; Bradley et al. 
1996, 1997; Ratcliffe et al. 1999; Liljegren et al. 1999). The wild-type Arabidopsis 
SAM never develops into a flower, but remains indeterminate, forming flowers in a 
spiral phyllotaxy until the shoot apex eventually senesces. However, two mutations, tfl1 
and tfl2, both result in early flowering and differentiation of the apex into a terminal 
flower, indicating that the wild-type function of these genes is to delay flowering and 
suppress flower formation (Shannon & Meeks-Wagner 1991). The tfl1 apical meristem 
progresses more rapidly through phase transitions so that it enters a terminal phase with 
a floral identity that is not normally attained until senescence occurs in wild-type plants 
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(Ratcliffe et al. 1998). TFL1 functions to indirectly delay the up-regulation of the floral 
meristem identity genes LFY and AP1, ensuring that the terminal phase is not entered 
prior to senescence (Ratcliffe et al. 1998). The expression of TFL1, therefore, has 
profound consequences for the life cycle and overall architecture of a plant, modifying 
its degree of branching and determinacy. It seems that the normally sharp phase 
transition between the production of leaves with associated shoots and formation of 
flowers, which occurs upon floral induction, is promoted by the interaction between 





Flower development is a multi-step process, including the formation of the floral 
meristem, the establishment of unique organ identities, and the differentiation of floral 
structures.  
 
Floral meristem initiation, maintenance and termination 
Two Arabidopsis genes, LFY and AP1, are responsible for floral meristem initiation. 
Mutation in the AP1 gene disturbs two phases of flower development, flower meristem 
specification and floral organ specification. These effects are manifested as a partial 
conversion of ap1 flowers into inflorescence shoots and a disruption of sepal and petal 
identities in these floral structures (Bowman et al. 1993). Expression of the LFY 
transcription factor in non-reproductive meristems can impose floral meristematic fate 
in these tissues in a variety of species, demonstrating that it is a master regulator of 
floral development (Weigel et al. 1992, Weigel & Nilsson 1995, Pena et al. 2001). LFY 
and AP1 encode transcription factors that have partially overlapping roles in specifying 
a floral-meristem fate, as lfy ap1 double mutants show a more complete transformation 
of flowers into shoots than either single mutant. However, to a large degree, AP1 
functions downstream of LFY, and has been shown to be a direct target of LFY 
activation (Wagner et al. 1999). Besides, as mentioned above, AP1 activity is also 
partially up-regulated independently of LFY via the FT and FD complex. (Bowman et 
al. 1993, Weigel & Meyerowitz 1993, Mandel & Yanofsky 1995, Parcy et al. 1998, 
Wagner et al. 1999). Although AP1 plays a crucial role in floral initiation, direct target 
genes of AP1 in the specification of floral meristem identity are yet clear. 
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1.4.2 Floral-organ patterning 
In addition to their function in the specification of floral meristems, the floral-meristem 
identity genes also activate a small set of floral homeotic genes that specify floral organ 
identity. 
A wild-type Arabidopsis flower consists of four whorls of floral organs, which are 
sepals, petals, stamens, and carpels from outmost to innermost. Genetic analysis of 
floral homeotic mutants led to the suggestion of the classic ABC model for flower 
development. This model postulates that three classes of regulatory functions 
determine the specification of floral organ identity. In Arabidopsis, function A, 
conferred by the class A homeotic genes AP1 and APETALA2 (AP2), specifies sepal 
identity in whorl 1. Function A, together with function B that is conferred by the class 
B genes APETALA3 (AP3) and PISTILLATA (PI), specifies petal identity in whorl 2. 
Function B and function C that is conferred by the class C gene AG specify stamen 
identity in whorl 3. Function C alone specifies carpel identity in whorl 4. Another key 
facet of the ABC model is that functions A and C are mutually antagonistic so that 
class C gene expression expands over the regions where class A genes are expressed 
in function A mutant flowers and vice versa. Although the details differ, the basic 
developmental program of ABC model seems to be widely conserved among plant 
species that have been studied, including tulip (Kanno et al. 2003), petunia (Angenent 
et al. 1992), primrose (Webster & Gilmatin 2003), and even plants with less showy 
flowers such as rice (Nagasawa 2003) and maize (Whipple 2004).  
Recent studies have identified a fourth set of genes called class E floral homeotic genes 
that are essential for the activity of other floral homeotic genes. In Arabidopsis, class E 
genes include four SEPALLATA (SEP) genes. Single and double sep mutants fail to 
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exhibit a dramatic phenotype in floral development. By contrast, sep1 sep2 sep3 triple 
mutants generate indeterminate floral structures consisting entirely of sepal-like organs 
(Pelaz et al. 2000). Their phenotypes are similar to that of double mutants that lack both 
B and C class activity, such as pi ag and ap3 ag. Thus, the three SEP genes are 
postulated to function redundantly to specify petals, stamens, and carpels as well as 
floral determinacy. In addition, SEP4 is required redundantly with the other three SEP 
genes to confer sepal identity, and contributes to the development of the other three 
types of floral organs (Ditta et al. 2004). These pieces of evidence clearly demonstrate 
that the SEP genes are necessary for proper floral organ identity (Pelaz et al. 2000, 
2001). The function of SEP family members has also been discussed in other plants. In 
petunia, the transgenic line co-suppressing the SEP3 ortholog FLORAL BINDING 
PROTEIN2 (FBP2) shows the floral organ identity transformations in whorls 2, 3, and 
4 as well as a loss of floral determinacy. In these plants, another SEP/ FBP2 subfamily 
member, FBP5, is also down-regulated, suggesting that both FBP2 and FBP5 are 
necessary for the specification of petals, stamens, and carpels as well as for proper 
floral determinacy (Ferrario et al. 2003). These results have, led to a revised ABCE 
model postulating that sepals are mainly specified by A activity alone, petals by A+B+E, 
stamens by B+C+E, and carpels by C+E.  
Function D genes are another class of recently identified floral homeotic genes 
conferring ovule identity within the carpels (Colombo et al. 1995). Co-suppression of 
the petunia FBP7 and FBP11 genes causes the replacement of ovules with carpel-like 
structures, whereas constitutive expression of FBP11 is sufficient to induce ectopic 
ovule formation on sepals and petals (Colombo et al. 1995; Vandenbussche et al. 2003). 
In Arabidopsis, ovule identity is conferred by four closely related genes: AG, 
SEEDSTICK (STK), and SHATTERPROOF 1 and 2 (SHP1 and SHP2). STK functions 
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redundantly with the closely related genes AG, SHP1, and SHP2 to specify ovule 
identity. Although carpels and ovules fail to develop in ag single mutants, carpelloid 
organs and ovules do develop in ap2 ag double mutants (Bowman et al. 1989), 
demonstrating that genes independent of AG can specify carpel and ovule identity. This 
residual carpelloid identity in ap2 ag double mutants can be removed by eliminating the 
activity of either STK or SHP1, 2 (Alvarez & Smyth 1999; Pinyopich et al. 2003). shp1 
shp2 double mutants exhibit defects in valve margin development and seed dehiscence, 
but ovule development is normal (Liljegren et al. 2000). stk single mutants have defects 
in the development of the funiculus and the stalk that attaches the ovule to the placenta, 
as well as the release of mature seeds from the seed pod, but ovule identity is normal 
(Pinyopich et al. 2003). By contrast, in stk shp1 shp2 triple mutants, the development of 
most ovules is arrested, suggesting that these three genes function redundantly to 
specify ovule identity. Consistent with this, ectopic expression of either STK or SHP is 
sufficient to induce the homeotic transformation of sepals into carpelloid organs 
(Favaro et al. 2003). The SEP genes are also involved in ovule formation, because 
SEP1/- sep2 sep3 flowers have severely compromised ovule development and resemble 
stk shp1 shp2 flowers (Favaro et al. 2003).  
Ectopic expression of floral organ identity genes in transgenic Arabidopsis plants have 
confirmed the main tenets of the ABCE model, and showed that the combination of 
ABCE genes is sufficient to confer floral organ identity (Honma & Goto 2001; Pelaz et 
al. 2001). Remarkably, by manipulating the expression of the ABCE genes, flowers 
with any floral organ types in any of the four whorls can be generated. All of the known 
floral organ identity genes encode transcription factors. In Arabidopsis, only the 
function A gene, AP2, belongs to the plant-specific AP2/ERF (ethylene-responsive 
element binding factor) family of transcription factors. All the other floral homeotic 
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genes, including SEP, STK and SHP genes, encode MADS-box transcription factors, 
which contain a conserved DNA binding domain among eukaryotes. A recent 
phylogenetic analysis identified five subfamilies of MADS domain proteins in 
Arabidopsis, with the floral-organ identity proteins falling into the MIKC clade 
(Parenicova et al. 2003). All MADS proteins studied to date bind to DNA as either 
homodimers or heterodimers. The association of floral MADS proteins into 
higher-order MADS complexes might be the principal mode of combinatorial control 
for floral-organ specification (Honma & Goto 2001; Pelaz et al. 2001).  
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MADS-box family 1.5 
There are several large families of transcription factors in eukaryotes, among which 
MADS-box family genes represent one of the essential families responsible for 
eukaryotic development and evolution. The MADS-box domain is a highly conserved 
motif found in the MADS-box family. The name MADS was the acronym of the first 
four members of this family, which were MCM1 (found in budding yeast, 
Saccharomyces cerevisiae), AGAMOUS (found in mouse-ear cress, Arabidopsis 
thaliana), DEFICIENS (found in snapdragon, Antirrhinum majus), and SRF (serum 
response factor, found in human, Homo sapiens).  
By now, a lot of MADS-box genes have been found in species from all eukaryotic 
kingdoms. Based on the phylogenetic relationships of the conserved MADS-box 
domain, the family of MADS domain proteins has been subdivided into five groups, 
which are MIKC, Mα, Mβ, Mγ, and Mδ (Parenicova et al. 2003). To date, detailed 
analyses of MADS-box proteins have been restricted to the MIKC type, which has a 
characteristic modular structure. From the N to the C terminus of the protein, there are 
four characteristic domains: the MADS-box (M), intervening (I), keratin-like (K), and 
C-terminal (C) domains respectively. The MADS-box is a DNA binding domain 
consisting of around 58 amino acids that can bind to a consensus recognition sequence 
known as CArG boxes [CC(A/T)6GG] (Hayes et al. 1988; Riechmann et al. 1996). The 
MADS-box domain can also perform dimerization even multimerization (Shore and 
Sharrocks 1995; Pellegrini et al. 1995). The I domain is less conserved. It probably 
plays a role in the specification of dimerization. The K-box is a region that codes for a 
domain showing some similarity to the coiled coil structure of keratin. It is thought to 
be involved in protein-protein interactions (Davies et al. 1996; Fan et al. 1997). The C 
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domain is the least conserved domain; in some cases, it has been shown to contain a 
trans-activation domain or to contribute to the formation of multimeric MADS-box 
protein complexes (Egea-Cortines et al. 1999; Honma and Goto 2001).  
Most known MADS-box genes have bee found to play important roles in 
developmental processes. In plants, the MADS-box gene families are present 
throughout gymnosperms, angiosperms, ferns and mosses. They serve a wide range of 
functions in plant development from root formation, vegetative growth, to floral 
development. It has been found that the Arabidopsis genome contains a large family of 
MADS-box genes and most of known ones play important roles in reproductive 
development. The most well studied examples are the Arabidopsis MADS-box genes 
that are the "molecular architects" of flower morphogenesis. In general, judging from 
the broad variety of MADS-box factor functions in Arabidopsis and many other plant 
species (Colombo et al. 1997; Kater et al. 2001; Fornara et al. 2003) and from the 
phylogenetic analyses of MIKC-type MADS-box genes (van & De Wachter 1994; 
Purugganan et al. 1995; Theißen et al. 1996; Münster et al. 1997), studies on this family 
of transcription factors have provided significant insights into the understanding of 
plant evolution (Parenicova et al. 2003). 
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Conclusion  1.6 
For plants, the induction of flowering and the subsequent flower development are the 
most important parts of their lives from the standpoints of reproductive strategy and 
allocation of limited resources. In particular, monocarpic plants experience the 
flowering only once in their lifecycle, and their reproductive success depends entirely 
on this one opportunity. Since the first set of genes involved in flower development was 
cloned from the model plants, enormous progress has been made towards 
understanding various aspects of flower development, especially their underlying 
molecular genetic mechanisms. It is now clear that flowering is regulated at multiple 
levels to ensure that an essential reproductive process can be maintained under a variety 
of circumstances.  
Although there are many unanswered questions, the advances on new molecular 
technologies have been promising a fruitful future for addressing outstanding 
questions in flower biology. For humans, the mechanism of flowering has been a 
long-term interest in the agricultural field such as seed yield in grain species, and fruit 
ripening and quality in citrus trees and common garden plants (e.g. strawberry, tomato 
and pepper). The insights gained from these studies not only provide a clearer picture of 
the molecular mechanisms of flower development, but also contribute to a better 
understanding of the genetic regulatory mechanisms of many cognate developmental 
processes in other eukaryotic systems that use a similar logic. 
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Chapter 2 Genetic analysis of AP1 repression 
Introduction  2.1 
In response to flowering signals from different genetic pathways, flowering time 
integrators eventually activate floral meristem identity genes to play a role in 
transforming the vegetative SAM into the inflorescence SAM that keeps producing 
bractless flowers on its flanks instead of leaves. The failure of the maintenance of floral 
meristem shows the floral reversion, i.e. individual flowers stop producing floral organs 
and initiate shoot-like structure instead (Battey and Lyndon 1984; Battey and Lyndon 
1986; Anthony et al. 1996; Pouteau et al. 1997; Pouteau et al. 1998) Floral reversion is 
rare in wild-type Arabidopsis flowers (Laibach 1951; Bowman et al. 1994), but it 
happens when genes involved in the specification of floral meristems lose their 
functions.   
LFY and AP1 are two major meristem identity genes specifying floral meristem identity 
in Arabidopsis. LFY plays dual roles in determining floral meristem identity and floral 
organ patterning via AP1 and other floral homeotic genes (Parcy et al. 1998; Wagner et 
al. 1999). AP1 is specifically expressed in young floral meristems, marking the start of 
flower development (Mandel et al. 1992). During floral transition, activation of AP1 by 
LFY and a complex of FT and FD indicates an important regulatory function of AP1 in 
the specification of floral meristem identity (Wagner et al. 1999; Abe et al. 2005; 
Huang et al. 2005; Wigge et al. 2005). 
Severe disruption of the onset of reproduction was observed in the loss-of-function 
lfy-6 mutants; in which most flowers are replaced by leaves and second-order shoots 
(Schultz & Haughn 1991). In the strong ap1-1 mutant, flowers exhibit partial shoot 
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characters. ap1-1 flowers arising at basal positions of the main inflorescence generate 
secondary flowers or inflorescences in the axils of the leaf-like first whorl organs on the 
elongated internodes, while flowers arising at median or apical positions generate fewer 
or no secondary flowers in the axils of first whorl organs without internode elongation 
(Bowman et al. 1993). Constitutive expression of either LFY or AP1 results in 
formation of flowers with or without coupled leaves in positions normally occupied by 
leaves and second-order meristems.  
Although AP1 has been known for its function in floral meristem specification, it is 
hitherto unclear how AP1 regulates downstream target genes in this process. In this 
chapter, we showed genetic evidence of the potential interaction between AP1 and three 
flowering time genes AGL24, SVP, and SOC1, and demonstrated that these flowering 







Material and method 
 
Plant materials 
All mutations used in this chapter were in the Landsberg erecta (Ler) background 
unless claimed otherwise. All the plants were grown at 19-21 °C in continuous light. 
The Ler near-isogenic svp-41 line was obtained by three backcrosses of the svp-41 
Columbia (Col) line into Ler, and the same strategy was applied to generate the Ler 
near-isogenic soc1 and agl24. svp-41 in the Col background was provided by Peter 
Huijser (Max-Planck-Institut, Germany), agl24 in the Col background by Marty 
Yanofsky (University of California, San Diego, USA), and soc1 as well as 35S::SOC1 
in the Col background by Ilha Lee (Seoul National University, South Korea). All the 
other mutations used in this study were from our lab collection. The 35S::SVP construct 
was transformed into wild-type Ler plants via Agrobacterium-mediated infiltration and 
putative transformants were screened by 3% Basta selection after producing the first 
two rosette leaves.  
 
Generation of 35S::SVP construct  
RNA extraction 
Total RNA was isolated using the RNeasy Plant Mini Kit (Qiagen, USA) according to 
the manufacturer’s recommendations. 
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Around 100 mg of plant materials were ground thoroughly in liquid nitrogen with a 
mortar and pestle. Then the sample was transferred to a 1.5 ml Eppendorf tube with 
450μl Buffer RLT and vortexed vigorously. The lysate was pipeted directly onto a 
QIAshedder spin column placed in a 2 ml collection tube. After centrifugation for 2 min 
at the maximum speed, the supernatant of the flow-through fraction was transferred to a 
new microcentrifuge tube without disturbing the cell-debris pellet in the collection tube. 
The cleared lysate was added with 0.5 volume 100% ethanol, and mixed immediately 
by pipetting. The sample was subsequently applied to an RNeasy mini column placed in 
a 2 ml collection tube. After centrifugation for 30 s at the maximum speed, the 
flow-through was discarded and 700 µl of buffer RW1 was added to the RNeasy 
column, and then centrifuged for 30 s at the maximum speed to wash the column. The 
flow-through and collection tube were discarded and the RNeasy column was 
transferred into a new 2 ml collection tube. After pipetting 500μl of buffer RPE into the 
RNeasy column; the column was washed by centrifugation for 30 s at the maximum 
speed. This washing step was repeated once. The RNeasy column was then transferred 
to a new 1.5 ml collection tube and 100μl of RNAse-free water was applied directly 
onto the RNeasy silica-gel membrane to elute RNA. To increase elution efficiency, the 
elution step could be repeated with the first eluate. 
To remove DNA contaminations from total RNA samples, RNA samples could be 
treated with RNAse-free DNAse (Promega, USA) at 37 °C for 30 min before they were 
mixed with RLT buffer. 
2.2.2.2 Reverse transcription for cDNA synthesis 
Reverse transcription was preformed using ThermoScript II RT-PCR system 
(Invitrogen) as described below. The reaction system consisting of 1μl of Oligo (dT), 
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1μl of 0.5ng/μl dNTP, and 1μg of total RNA was heated to 65 °C for 5 min and then 
quick-chilled on ice. Four microliters of 5XThermoScript buffer and 2μl of 0.1 M DTT 
were added and mixed well by pipetting up and down. The reaction was equilibrated at 
42 °C for 2 min. Then 1μl of ThermoScript II Reverse Transcriptase was added and 
mixed well by pipetting up and down. The reaction mixture was subsequently 
incubated at 42 °C for 50 min and inactivated by heating at 70 °C for 15 min. The RNA 
template was degraded by adding 1μl of DNase-free RNase and incubating at 37 °C for 
20 min.  
2.2.2.3 Construction of pGreen 35S-SVP 
The SVP cDNA fragments were amplified from the cDNA template by PCR using a 
forward primer: 5’-CGA CTA GTG CGA GAG AAA AGA TTG G-3’ and a reverse 
primer: 5’-CGG GAT CCT CAT CTC TAA CCA CCA TAC GGT-3’. The PCR reaction 
system consisted of 2 μl of DNA template, 1 μl of 10 mM dNTPs, 1 ul of 10 mM 
forward primer, 1 μl of 10mM reverse primer and 1 μl of AdvantageTM 2 in 1X PCR 
buffer (Clontech, USA). PCR was performed by 94 ºC for 2 min of initial denaturation, 
which was followed by 35 cycles of 94 ºC for 1 min, 58 ºC for 1 min, and elongation at 
68 ºC for 1 min, and a final extension at 68 ºC for 10 min. After PCR amplification, the 
resulting PCR products were separated on agarose gels and the expected bands were cut 
and purified by the Gel Extraction Kit (Qiagen, USA). The purified products were 
digested by restriction enzymes SpeI and BamHI (Research Biolab, USA), and further 
purified by column (Qiagen, USA). The resulting SVP fragment was ligated with the 
pGreen 0229 vector that was also digested by restriction enzymes SpeI and BamHI, by 
T4 DNA Ligase (Research Biolab, USA).  
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E. coli competent cells were prepared as described by Inoue et al. (1990) with some 
modifications. Frozen stock of E. coli cells were thawed, streaked on an LB agar plate, 
and cultured overnight at 37ºC.  A single colony was inoculated into 1.5 ml SOB 
medium (Tryptone 20 g/l, yeast extract 5 g/l, NaCl 0.58 g/l, KCl 0.19 g/l, MgCl2·6H2O 
2.03 g/l, MgSO4·7H2O 2.46 g/l) in a 15 ml culture tube, and grown for 12 h with 
vigorous shaking (200 rpm) at 37ºC. Five hundred microliters of the above culture was 
then inoculated to 100 ml SOB medium in a 1-liter flask, and grown to an A600 of 0.6 at 
20ºC with vigorous shaking (225 rpm). The culture was transferred to two ice-cold 
Falcon tubes, and placed on ice for 10 min before centrifugation at 3000 rpm for 5 min 
at 4 ºC. The pellet was gently resuspended in 20 ml of freshly prepared ice-cold TB 
buffer (10 mM Pipes, 55 mM MnCl2, 15 mM CaCl2, 250 mM KCl, pH 6.7), incubated 
on ice for 10 min, and centrifuged as above. The cell pellet was gently resuspended in 4 
ml of TB. DMSO was then added with gentle swirling to a final concentration of 7%. 
The cell suspension was immediately aliquoted to the single-use amount in several 
pre-chilled 1.5ml microcentrifuge tubes, frozen by immersion in liquid nitrogen, and 
stored at -80ºC. 
Transformation of E. coli competent cells 
A tube with 50μl frozen competent cells was thawed on ice. Two microliters of the 
ligation mixture was added to each tube and mixed well with the cells by gently tapping, 
and the cells were then incubated on ice for 30 min. The cells were subsequently 
heat-shocked for 90 s at 42ºC in a heat block or water bath and incubated on ice for 2 
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min. After 1ml LB was added, the cells were cultured at 37ºC for 1-2 hours with 
shaking at 250 rpm. The cultured cells were centrifuged at 6000 rpm for 7 min at room 
temperature. The supernatant was discarded, and the precipitate was resuspended and 
spread onto LB agar plates containing 50 mg/ml kanamycin for the selection of pGreen 
vectors. These plates were incubated overnight at 37ºC.  
PCR screenings were carried out to select the colonies containing the desired insert. 
Sterilized white tips were lightly touched on the surface of colonies on the agar medium. 
The collected bacteria were then resuspended in 5μl of sterile water. Two microliters of 
this suspension was used as a template for the PCR reaction with two specific primers, 
one corresponding to specific sequences in the vector and the other corresponding to 
specific sequences in the insert. The colonies showing the expected sizes were cultured 
overnight at 37ºC. 
Plasmid DNA was isolated using the Miniprep kit (Promega, USA) according to the 
manufacturer’s recommendations. Both strands of the cloned cDNAs were sequenced 
by the dideoxy method (Sanger et al. 1977) using ABI PRISM BigDyeTM Terminator 
Sequencing Ready Reaction Kit (Perkin-Elmer Applied Biosystems, USA). The 
sequencing reaction was prepared in a mixture of 200 ng of double-stranded DNA, 1.6 
pmol of appropriate primers, and 4 µl of Terminator Ready Reaction Mix with 
deionised water to a final volume of 10 µl. The sequencing PCR was performed by 25 
cycles of denaturation at 96ºC for 10 s, annealing at 50ºC for 5 s and extension at 60ºC 
for 4 min. The amplified products were precipitated for 15 min in 80 µl of 75% 
isopropanol at room temperature and centrifuged for 20 min at 14 000 rpm. The pellet 
was washed with 500µl of 75% isopropanol twice, air-dried and dissolved in 4 µl 
loading buffer consisting of formamide and 25 mM EDTA (pH 8.0). Before loading, the 
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sample was heat-denatured for 2 min at 95ºC and cooled on ice. Sequencing was 
performed using ABI PRISMTM 377 DNA sequencer (Perkin-Elmer Applied 
Biosystems, USA). Sequencing data were confirmed by the BLAST search at the 
National Centre for Biotechnology Information (NCBI) website 
(http://www.ncbi.nlm.nih.gov/BLAST/). 
Transformation of Agrobacteria competent cells 2.2.2.6 
2.2.2.7 
The constructed vectors were introduced into Arabidopsis via Agrobacterium mediated 
transformation. Firstly, these constructs were transformed into the Agrobacterium 
strain GV3101 by electroporation. The competent GV3101 bacteria were mixed with 
plasmid constructs and electroporated in 1mm Gene Pulser cuvettes (Bio-Rad, USA). 
The bacteria after electroporation were cultured in 1 ml of LB broth for 4 hours at 28 °C. 
The bacteria were precipitated and plated on the LB agar medium supplemented with 
25μg/ml gentamicin, 10μg/ml tetracycline, and 50μg/ml kanamycin. The plates were 
incubated for 48 hours at 28 °C. The colonies for different constructs were screened by 
PCR verification as described in Section 3.2.2.5. The confirmed colonies with 
transgene constructs were selected for subsequent plant transformation.  
Plant transformation 
We performed plant transformation by floral dipping method (Clough & Bent, 1998). 
The selected Agrobacterium strains containing transgenes were cultured in a large scale 
in LB broth containing 25μg/ml gentamicin, 10μg/ml tetracycline, and 50μg/ml 
kanamycin at 28 °C until OD600nm of the culture reached 0.8. Agrobacteria were then 
precipitated at 4000 rpm for 10 min and resuspended thoroughly in a same volume of 
5% sucrose with 0.015% Silwet L-77 (OSi Specialties, USA). Inflorescences of 
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wild-type plants containing different stages of floral buds were dipped into the 
Agrobacterium suspension for 5 seconds. The inoculated plants were then covered in 
black plastic bags for 12 hours to keep humidity and thus promote transformation 
efficiency. Then the inoculated plants were grown under normal growth conditions 




Genomic DNA rapid extraction 
Leaves were ground in 200 μl extraction buffer consisting of 0.2 M Tris-HCl pH 9.0, 
0.4 M LiCl, 25mM EDTA, 1% SDS in an eppendorf tube. After centrifugation at 13,000 
rpm for 5 min, the supernatant was transferred to a new tube containing 150 μl 
isopropanol and mixed well. After centrifugation at top speed for 10 min, the 
supernatant was poured off and the pellet was rinsed with 70% ethanol, dried by 
vaccum concentrator, and resuspended in 100 μl TE buffer (10 mM Tris pH 8.0, 1 mM 
EDTA). Extracted genomic DNA was stored at -20 ºC.  
 
Genomic DNA extraction (Qiagen DNeasy plant mini kit) 
A maximum of 100 mg of ground (wet weight) or 20 mg (dried) plant was added in 400 
μl of Buffer AP1 with 4 μl of RNase A stock solution (100 mg/ml) and vortexed 
vigorously. Then the mixture was incubated for 10 min at 65°C and mixed 2–3 times 
during incubation. The lysate was then added with 130 μl of Buffer AP2, mixed, and 
incubated for 5 min on ice. Then the lysate was transferred to the QIAshredder Mini 
Spin Column (lilac) placed in a 2 ml collection tube and centrifuged for 2 min at 14,000 
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rpm. The flow-through fraction was transferred to a new tube without disturbing the 
cell-debris pellet, added with 1.5 volumes of Buffer AP3/E, and mixed by pipetting. 
After transferring 650 μl of the mixture to the DNeasy Mini Spin column in a 2 ml 
collection tube, the column was centrifuged for 1 min at 8000 rpm. The flow-through 
was discarded, and the column was placed in a new 2 ml collection tube. Five hundred 
microliters of Buffer AW was added to the column and centrifuged for 1 min at 8000 
rpm. After removing the flow-through, the column was added with 500 μl Buffer AW 
and centrifuged for 2 min at 20,000 x g (14,000 rpm) to dry the membrane. The DNeasy 
Mini Spin Column was then transferred to a 1.5 ml or 2 ml micro-centrifuge tube and 
added with 100 μl of Buffer AE. After incubation for 5 min at room temperature 
(15–25°C), the tube was centrifuged for 1 min at 8000 rpm for collection of extracted 
genomic DNA. 
 
2.2.5 Genetic and phenotypic analyses 
In order to investigate the interaction between AP1 and several flowering time genes,, 
we generated several double mutants and double overexpression transgenic plants 
(Table 1). All double mutants were segregated close to the expected ratio of 1:3 in F2 
generation. To distinguish F2 plants, CAPS (cleaved amplified polymorphic sequence; 
Konieczny and Ausubel, 1993) marker methods were applied to genotype ap1-1 and 
svp-41 alleles. Amplification of the wild-type AP1 allele yielded a 312 bp product that 
could be digested by StuI into two fragments of 290 bp and 22 bp in size, while the 
amplified fragment of the ap1-1 allele could not be digested by StuI. Amplification of 
the wild-type SVP allele DNA yielded a 482 bp product that could be digested by NlaIV 
into two fragments of 105bp and 347bp in size, while amplified fragment of the svp-41 
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Table 1. Double mutants generated for the comparison of floral reversion 
phenotype 
Maternal Paternal F1 Homozygous 
agl24 ap1-1 agl24/+ ap1-1/+ ap1-1 agl24 
ap1-1 svp-41 ap1-1/+ svp-41/+ ap1-1 svp-41 
soc1 ap1-1 ap1-1/+ soc1/+ ap1-1 soc1 
35S::SOC1 35S::SVP 35S::SVP/+ 35S::SOC1/+ 35S::SVP 35S::SOC1 
35S::SVP 35S::AGL24 35S::AGL24/+ 35S::SVP/+ 35S::AGL24 35S::SVP 
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allele could not be digested by NlaIV. To identify the agl24 and soc1 alleles, different 
specific primers that can specifically amplify endogenous gene fragments or the 
insertion of T-DNA (soc1) or En-transposon (agl24) of mutants were designed. 
Therefore, primer AGL24-102 and AGL24-103 could specifically amplify a 680bp 
product in wild-type AGL24 allele, while primer AGL24-102 and 8103 could only 
amplify a 540bp product in agl24 mutant allele. Primer AGL20-F1 and AGL20-R2 
could specifically amplify a 1250bp product in wild-type SOC1 allele, while primer 
IMLB2 and AGL20-R2 could only amplify an 850bp product in soc1 mutant allele. The 
oligonucleotide primers used for PCR genotyping are listed in Table 2 & 3.  
To genotype the presence of overexpression transgenes in F2 plants, we used forward 
primers located in the 35S promoter in front of the transgenes and reverse primers in the 
transgenes (Table 3). Therefore, only plants with transgenes showed the amplified 
products, while wild-type plants did not show any amplification products. We collected 
seeds of F3 generation from the individual F2 lines, and only the F3 progenies showed 
identical phenotypes were deemed as homozygous double transgenic plants. 
For phenotypic analyses, usually fifteen floral structures at the most basal positions of 
the primary inflorescence after cauline leaf production were examined. Acropetally 
(from basal to apical), floral positions 1-5 were referred to as basal positions, and 11 
and above were referred to as apical positions, while the postions between basal and 



































































































Table 3. List of primers used for genotyping without restriction enzymes 
Genotype 
allele 








/soc1 AGL20-F1 5’-TGTGTGCAAGGGAAATTAACTAAAG-3’ 
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Phenotypic comparison between wild-type plants and ap1-1 
mutants 
During the vegetative stage, the Arabidopsis SAM generated leaves in a phyllotactic 
spiral way (Fig. 4A). After floral transition, the vegetative SAM was converted into the 
primary inflorescence meristem that could firstly produce secondary inflorescence 
meristems subtended by cauline leaves and then bractless flowers. . Soon after the first 
flower primordium develop, the main inflorescence shoot gradually bolted due to 
increased internode elongation among cauline leaves and flowers (Fig. 4B). A cluster of 
rosette leaves forming at the vegetative stage remained at the base of the stem. Each of 
the cauline leaves contained an axillary inflorescence meristem that reiterated the 
development of the primary inflorescence. The inflorescence was a raceme with the 
development of individual flowers proceeding acropetally (Müller, 1961).  
Wild-type Arabidopsis flowers are composed of four concentric whorls of organs, with 
four sepals in the outermost whorl, four petals in the second whorl, six stamens in the 
third whorl (four medial and two lateral), and two fused carpels occupying the center of 
flowers (Fig. 5A). In strong line ap1-1 mutants, there were two categories of 
phenotypes observed (Fig. 5B-D). First, the floral meristem that would give rise to a 
single flower in wild-type plants instead often gave rise to a determinate, branched 





Fig. 4 Phenotypes of a wild-type Arabidopsis seedling. (A) A plant at the vegetative 
stage keeps on generating rosette leaves in a phyllotactic spiral way. (B) A plant after 
floral transition generates a main inflorescence shoot and secondary shoots with 




Fig. 5 Comparison of ap1-1 flowers in different positions with wild-type flower. (A) 
A wild-type flower. (B)-(D) Floral structures with ectopic flowers or inflorescences at 
the basal (B), median (C), and apical (D) position of the main inflorescence of ap1-1, 
respectively. 
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consisted of a central ‘primary’ flower with the secondary flowers usually arising 
slightly later in the axils of the first whorl organs of the primary flower. In turn these 
secondary flowers might also have flowers arising in the axils of their first whorl organs, 
and so on, such that tertiary and quaternary flowers might form. The overall result was 
a complex branched structure. Thus, these ap1-1 floral meristems developed in a 
manner that was similar to the apical inflorescence meristem, suggesting the complete 
conversion of floral meristems into inflorescence meristems. Such conversions were 
always restricted to the basal positions of the main inflorescence stem of ap1-1 (Fig. 
5B). In ap1-1 flowers at median positions, ectopic inflorescences were usually not 
generated from the pedicel and the secondary structures were mostly flowers instead of 
inflorescences (Fig. 5C). However, at apical positions, secondary structures in flowers 
reduced greatly compared with those in floral structures at basal and median positions 
(Fig. 5D).  
Secondly, lost of AP1 function altered the initiation and identity of the outer two whorls 
of floral organs (Fig. 5B-D). The first whorl organs in ap1-1 displayed features that 
were not found in either floral or vegetative organs of wild-type plants. They have been 
referred to as bract-like leaves since they resembled the bracts that subtended flowers of 
many other plant species. In the axils of these bract-like leaves, secondary flowers or 
inflorescences were usually produced. In the second whorl, the petals were usually lost. 
Thus, the development of perianth floral organs was severely affected in ap1-1. 
 
Phenotypes of 35S::AGL24 transgenic plants 2.3.2 
In homozygous 35S:AGL24 lines, the floral meristems often generated a central 
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primary flower with extra secondary flowers in the axils of sepals (Fig. 6 A). In the first 
whorl, the sepals turned to be bract-like structures. In the second whorls, petals were 
usually transformed into bract-like organs. There were inconsistent number of stamens 
in the third whorl, although their morphology and function were almost same as 
wild-type ones . In the fourth whorls, the base of the ovary often elongated as a stem at 
later stages, and an ectopic inflorescence bearing flowers erupted from the developing 
ovary (Yu et al. 2004b). The phenotypes of 35S:AGL24 demonstrate that ectopic 
expression of AGL24 can transform floral meristems into inflorescence meristems.  
 
2.3.3 Phenotypes of 35S::SVP transgenic plants 
In 35S::SVP homozygous lines, a flower was transformed into a vegetative structure 
combined with certain floral organs (Fig. 7A-E). Continuous development of the 
35S:SVP floral meristem demonstrated that leaves emerged continuously on the 
substantially elongated internodes in either a whorled or a spiral mode (Fig. 7B), and 
stamens occasionally arose in the axils of leaves as indicated by arrow in Fig. 7B and 
C. Occasionally, the secondary shoots were also produced in the axils of leaves (Fig. 
7C and D). The elongated 35S:SVP flowers eventually terminated with a mixture of 
leaves, carpelloid leaves and stamens without clear carpel structures (Figure 7E). This 
terminal structure was  hard  to  be  clearly divided into four whorls. A  number  of 
bract-like organs occupied the first several whorls, while sterile stamens, carpelloid 
leaves and bract-like leaves were present in the inner several whorls. These 




Fig. 6 Phenotypes of constitutive expression of AGL24, SOC1, and their double 
transgenic plants. (A) A flower from the main inflorescence of 35S::AGL24. (B) A 
flower from the main inflorescence of 35S::SOC1. (C) A flower of the double 
transgenic 35S::AGL24 35::SOC1 plant mimics a flower at a medial position of the 
main inflorescence of ap1-1 (D).
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Fig. 7 Phenotypes of constitutive expression of SVP. (A) Top view of an 
inflorescence apex.showing young floral structures derived from individual floral 
meristems. (B) A shoot-like structure derived from a floral meristem of the main 
inflorescence. (C) and (D) Two shoot-like structures derived from floral meristems at 
basal positions of the main inflorescence generate ectopic shoot structures. Arrow 
indicates an ectopic shoot structure in (C). (E) A close view of the terminal floral 
structure at the top of a shoot-like structure shown in (B). 
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promote the vegetative shoot identity. 
 
Phenotypes of 35S::SOC1 transgenic plants 2.3.4 
2.3.5 
In 35S::SOC1 homolog lines, flowers are relatively normal as those in wild-type 
plants except for the generation of light green sepaloid petals in the second whorl (Fig. 
6B). 
  
Phenotypes of 35S::AGL24 35S::SVP, 35S::SOC1 
35S::AGL24 and 35S::SOC1 35S::SVP 
As some floral defects observed from 35S::AGL24, 35S::SVP, and 35S::SOC1, we 
further generated double transgenic plants with the combination of the above single 
transgenic lines. Flowers of double transgenic plants for 35S:AGL24 35S:SVP 
developed like inflorescence shoots with the continuous production of leaves and the 
corresponding secondary flowers in their axils on the elongated internodes (Fig. 8A), 
which partially mimicked the severe defects observed in floral structures arising at 
basal positions of the inflorescence of ap1-1 (Fig. 8B). Although 35S:SOC1 produced 





Fig. 8 Floral phenotypes of the double transgenic 35S::SVP 35S::AGL24 plant. (A) 
A flower of the double transgenic 35S::SVP 35S::AGL24 plant mimics a flower at a 
basal position of the main inflorescence of ap1-1 (B). 
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meristems at basal positions of the inflorescence of 35S:SOC1 35S:AGL24 (Fig. 6C), 
which mimicked the intermediate defects observed in floral structures arising at median 
positions of the inflorescence of ap1-1 (Fig. 6D). Flowers of 35S:SOC1 35S:SVP 
developed like the initial floral structures of 35S:SVP (Fig. 7A) without internode 
elongation and generation of secondary floral structures. The phenotypes described 
above demonstrate that the ectopic interactions among AGL24, SVP and SOC1 could 
transform floral meristems into various shoot-like structures that were partially similar 
to the inflorescence-like floral structures in loss of function of AP1. These results 
indicate that the expression of AGL24, SVP, and SOC1 in floral meristems should be 
repressed during normal flower development, and that AP1 may be a potential upstream 
regulator of these genes. 
 
Rescue of ap1-1 by loss-of-function of AGL24 2.3.6 
The loss-of-function mutants agl24 did not show any floral defects, while they could 
significantly reduce the infloresecence characters in ap1 mutants (Fig. 9A, B). In ap1-1 
agl24 double mutants, the inflorescence apex looked normal as that in wild-type plants, 
which was in contrast to the supernumerary inflorescence of ap1-1.  
The number of secondary structures in the axils of sepals was much reduced in ap1-1 
agl24, and most of them developed as single flowers rather than inflorescence shoots 
(Fig. 9C, D). However, there were still bract-like sepals in the first whorl and sepaloid 
petals randomly in their axils. 
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Fig. 9 Rescue of ap1-1 by loss-of-function of AGL24. Top view of a developing 
inflorescence (A, B) and side view of a floral structure arising from an individual floral 
meristem at a basal position  the main inflorescence (C, D) are shown. (A, C) ap1-1, (B, 
D) ap1-1 agl24. 
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Rescue of ap1-1 by loss-of-function of SVP 2.3.7 
2.3.8 
Similarly, the loss-of-function mutants svp-41 did not show any floral defects, while they could 
significantly reduce the infloresecence characters in ap1 mutants (Fig. 10A). In ap1-1 svp-41 
double mutants, a relatively smaller supernumerary inflorescence was present compared with that 
in ap1-1(Fig. 9A, 10A). The number of secondary structures in ap1-1 svp-41 flowers was also 
reduced, but the rescue was not as significant as in ap1-1 agl24 double mutants (Fig. 9C, 
D, 10C). 
 
Rescue of ap1-1 by loss-of-function of SOC1 
The loss-of-function mutant soc1 could significantly rescue the inflorescence 
characters of ap1 phenotype in a different way from what agl24 and svp-41 did (Fig. 
9A-D, 10A-D). In the flowers of ap1-1 soc1, the number of secondary structures was 
reduced as compared with that in ap1-1(Fig. 10B). However, unlike ap1-1 agl24 and 
ap1-1 svp-41, meristems of secondary structures in flowers of ap1-1 soc1 behaved like 
an inflorescence meristem with internode elongation and production of tertiary floral 
structures (Fig. 10D).  
Consistent with the overexpression results, the above examination of the mean number 
of flowers produced in each pedicel or peduncle of ap1-1 agl24, ap1-1 svp-41, and 
ap1-1 soc1 suggest that AGL24 is the gene with the strongest contribution to the 
inflorescence characteristics in ap1-1, and that AP1 is potential upstream regulator of 
these three flowering time genes. 
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Fig. 10 Rescue of ap1-1 by loss-of-function of SVP and SOC1. Top view of a 
developing inflorescence (A, B) and side view of a floral structure arising from an 
individual floral meristem at a basal position in the main inflorescence (C, D) are 
shown. (A, C) ap1-1 svp-41, (B, D) ap1-1 soc1. 
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Chapter 3 Molecular analysis of AP1 repression  
 
Introduction 3.1 
The genetic data in Chapter 2 showed the evidence that AGL24, SVP and SOC1 were 
potentially regulated by the floral meristem identity gene AP1. To further test these 
possibilities, we carried out two molecular experiments in this chapter. 
The first molecular tool we used was the inducible gene expression systems using 
chemical inducers, which was one of the most powerful tools in plant functional 
genomics studies. Different chemical inducible systems have been developed and used 
in a number of plant species based on activation or repression of target genes by 
regulatory elements from prokaryotes, insects, and mammals (Moore, 1998; Tang, 
2004). In these systems, different inducers such as antibiotic tetracycline, steroid 
hormones, ethanol, copper, benzothiadiazol, herbicide safeners, and ecdysone, have 
been used.  
In this study, we used an established gene inducible system activated by the steroid 
hormone dexamethasone (DEX) (Yu et al. 2004b).  In this system, the chimeric 
transcription factor consisted of the 35S promoter, the AP1 coding region, and the rat 
glucocorticoid receptor domain (GR). Without the treatment of glucocorticoid 
hormones such as DEX, the constitutively expressed AP1-GR fusion protein was 
arrested in the cytoplasm because of its binding with heat shock proteins. After DEX 
treatment, AP1-GR fusion protein was transferred to the nucleus and interacts with the 
AP1 DNA-binding sites located in the regulatory regions of target genes, thus 
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controlling their transcription. The AP1-GR inducible system has been transformed 
into ap1-1 mutants, where the biologically functional AP1-GR fusion could rescue 
ap1-1 phenotypes in a steroid-dependent manner (Yu et al. 2004b). By using this 
system, we could exactly control the timing of AP1 gene expression in floral meristems 
during floral development. Therefore, we could examine the expression patterns of our 
genes-of-interest with and without the AP1 activity by DEX induction. In addition, we 
also introduced cycloheximide (CYC), a protein synthesis inhibitor, in this study. CYC 
treatment could prevent the synthesis of any intermediate protein regulators. Thus, 
when we treated the transgenic plants bearing inducible systems with DEX and CYC, 
we could examine the genes expression that directly corresponds to the AP1 activity, 
thus identifying the direct target genes of AP1.  
The second molecular tool we used was in situ hybridization. It involves a labeled 
nucleic acid probe hybridizing with its complementary DNA or RNA sequence in situ 
(in the cells) so that the temporal and spatial localization of the gene of interest can be 
detected in the cell, tissue, or chromosome. The probe can be either radioactively 
labeled and detected by autoradiography or fluorescently labeled and detected by 
immunocytochemistry. The specificity of the probe depends on the permeability of the 
cells, the type of probe, the labeling technique, and the hybridization conditions. 
Therefore, the specificity of in situ hybridization can be optimized according to the 
desired experiments (Polak et al. 1990). In plant functional genomics, in situ 
hybridization is a powerful method to visualize the localization of genes, which 
provides direct evidence of gene expression in different developmental context. In this 
study, we applied in situ hybridization to compare the expression of SVP and SOC1 in 






Materials and methods 
 
Plant materials 
All mutations used in this chapter were in the Ler background unless stated otherwise. 
All the plants were grown at 19-21 °C in continuous light.  
 
Semi-quantitative reverse transcription polymerase chain 
reaction analysis 
Plant Materials and treatments  
To detect downstream target genes of AP1, we used an established transgenic line with 
inducible AP1 activity (Yu et al. 2004). This strain was homozygous for the ap1-1 null 
mutation and transgenic for 35S::AP1-GR, a 35S promoter-driven constitutive 
expression of AP1 gene with a fusion at the carboxy-terminal to the steroid-binding 
domain of the rat glucocorticoid receptor (GR).  
For confirmation of the biological function of AP1-GR, ap1-1 35S::AP1-GR plants 
were continuously DEX-treated (10 μM DEX) or mock-treated (0.03% ethanol) in a 
two-day interval starting at day 7 after seed germination. 
For collection of materials for RT-PCR, 28-day-old ap1-1 35S::AP1-GR plants were 
mock-treated (0.03% ethanol and 0.015% Silwet L-77) or treated with DEX (10 μM 
DEX and 0.015% Silwet L-77), with CYC (10 μM CYC and 0.015% Silwet L-77) or 
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with CYC plus DEX (10 μM CYC, 10 μM DEX and 0.015% Silwet L-77). Main 
Inflorescence shoots containing floral buds of stages 1-10 were collected. Materials 
mock-treated or DEX-treated were collected 0, 2, 4, 6, and 8 hours after treatments. 




Total RNA extraction 
RNA was isolated and purified from tissue samples using the RNeasy Plant Mini Kit 
(Qiagen, USA) according to the manufacturer’s recommendations described as in 
Chapter 2. 
Reverse transcription for cDNA synthesis 
Reverse transcription was preformed using the ThermoScript II RT-PCR system 
(Invitrogen, USA) as described as in Chapter 2. 
PCR analysis 
The gene expression of SVP and SOC1 was examined through PCR with ß-tubulin 
(TUB2) expression as a control. The primers used for RT-PCR were as follows: For 
TUB2, two primers, 5’-ATC CGT GAA GAG TAC CCA GAT-3’ and 5’-TCA CCT TCT 
TCA TCC GCA GTT-3’ were used. For SVP, two primers, 5’-GTG ACA AGA TTA 
TGA GTG AGA TCA G-3’ and 5’-GAA TTC ACT ACT ACT TAG ACA TTG TCT 
C-3’ were used. For SOC1, two primers, 5’-GAA GAT ATG GTG AGG GGC AAA 
ACT C-3’ and 5’-GGG CTA CTC TCT TCA TCA CCT CTT CC-3’ were used.  
PCR was performed using 0.4μl of each cDNA sample under the following different 
conditions for the two genes. For SVP, 2pmole of the TUB2 primers and 7pmol of SVP 
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primers were added to a 20μl reaction. PCR conditions were as follows: 94°C for 2 min, 
28 cycles of 94°C for 30 sec, 56°C for 1 min, and 72°C (1 min), and final elongation at 
72°C (10 min). For SOC1, 2.5pmole of the TUB2 primers and 2.5pmol of SOC1 
primers were added to a 20μl reaction. PCR conditions were as follows: 94°C (2 min); 
28 cycles of 94°C (30 sec), 56°C (1 min), 72°C (1 min), and 72°C (10 min). All the 
PCR products were separated by electrophoresis on a 1.5% agarose gel. RT-PCR was 




Non-radioactive RNA-RNA in situ hybridization 
Non-radiocactive in situ hybridization was performed as described previously (Yu et 
al. 2004b). Vegetative SAM, transitional SAM and inflorescence apices from the main 
inflorescence of wild-type and ap1-1 plants were fixed for in situ hybridization.  
Synthesis of DIG-Labeling mRNA Probe 
Both DNA and RNA probes can be used for in situ hybridization, but RNA probes 
show higher sensitivity and give stronger signals. Thus, we chose RNA probes for all 
in situ hybridization experiments. We cloned gene specific sequences of SVP and 
SOC1 into the pGEM®-T Easy Vector (Promega, USA) that contains both SP6 and T7 
promoters on the flanks of the insertion site. To get run off transcripts with either SP6 
or T7 polymerase, cloned plasmids were digested into linearized plasmids by 
restriction enzymes that were able to generate 3’ overhangs. An excess amount of 
enzymes was usually used to ensure a complete digestion. The digested plasmids were 
purified by phenol/chloroform to get rid of any RNase contamination, and then 
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resuspended in DEPC-treated H2O to reach the concentration of 0.5μg/μl.  
The RNA probes were then generated from the digested plasmids by a digoxigenin 
RNA labeling kit (Roche, Germany). The 20 μl labeling reaction system contained 
1μg template cDNA, 4 μl 5 X transcription buffer, 2 μl 10×DIG labeling Mix, 1 μl 
RNase inhibitor, 2 μl RNA polymerase. The reaction was incubated at 37°C for 2 
hours and added with 2 μl of RNase-free DNase (Roche, Germany) for additional 30 
min to remove the DNA template. A small portion of the resulting products could be 
verified on a 1% TAE agarose gel. The labeled RNA probes should be partially 
hydrolyzed to about 150 bp by alkaline treatment to improve permeability to tissue 
sections during hybridization. We calculated the reaction time for alkaline treatment 
with the following formula: Time = (Li-Lf)/0.11*Li*Lf (Li = initial length of probe in 
kb; Lf = desired final length of probe in kb). For alkaline treatment, the volume of the 
transcription reaction was increased to 100 μl by adding DEPC H2O. The reaction was 
then incubated with 2×CO3 buffer (80mM NaHCO3 and 120mM Na2CO3) at 60°C for 
the calculated time, neutralized by 10 μl of 10% acetic acid, and precipitated with 
1/10 volume of 3M NaAc (pH 5.2), 2.5 volumes of ethanol, and 2μl of 10mg/ml 
tRNA. The pellet was rinsed with 70% ethanol, and resuspended in 80 μl of 50% 
formamide. The final concentration of probes used in the hybridization solution was 
0.5ng/μl/kb. 
Fixation of in situ materials 3.2.3.2 
The fixative for in situ materials was freshly prepared by dissolving 4% (w/v) 
paraformaldehyde in 1xPBS (0.13 M NaCl, 7 mM Na2HPO4, and 3 mM NaH2PO4, pH 
7.0). Firstly, the required amount of 1xPBS was adjusted to pH 11.0 with NaOH. 
Secondly, PBS solution was heated to 60-70°C in waterbath, and mixed with 
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paraformaldehyde by vigorously shaking. After paraformaldehyde was completely 
dissolved, the fixative solution was placed on ice until it was cooled to 4°C. Lastly, 
the solution was adjusted to pH 7.0 by H2SO4, and placed on ice for immediate 
fixation of plant materials. Samples were collected and immediately immersed into 
ice-cold fixative. Vacuum was applied to samples until the fixative started to bubble. 
After the fixed materials were kept in vacuum for 15 min, the vacuum was released 
slowly. The above vacuum process was repeated until tissues began to sink. The 
fixative was then replaced by the fresh fixative, and plant samples continued to be 
incubated by gentle shaking overnight at 4°C. 
3.2.3.3 Dehydration, embedding and sectioning 
After the fixation, materials were washed twice by 1XPBS at 4°C for 30 min each. 
They were subsequently dehydrated through 30%, 40%, 50%, 60%, 70%, and 85% 
ethanol for 1 hour each at 4°C. In the step of dehydration by 95% ethanol at 4°C, 
eosin was added to provide tissue staining, which would facilitate locating samples in 
the wax. The samples were further dehydrated by 100% ethanol and eosin for 4 times. 
For histoclear infiltration, the samples were immersed in 25% histoclear and 75% 
ethanol for 60 min, and were continuously exchanged by 50% histoclear and 50% 
ethanol for 60 min, 75% histoclear and 25% ethanol for 60 min, and 100% histoclear 
for 60 min twice. For paraffin infiltration, 1/4 volume paraplast chips were added, and 
the samples were incubated at room temperature overnight. On the next day, samples 
were placed at 42°C until paraplast chips melt completely. We added additional 1/4 
volume of chips until chips completely melted. Samples were then moved to 58°C for 
several hours. Wax/histoclear was replaced with freshly melted wax overnight at 58°C. 
On the following three days, wax was changed twice per day. For paraffin embedding, 
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tissues and wax were poured together into weighing boats. Plant samples were 
orientated by a syringe needle, which had been warmed up in a flame. The weighing 
boats were placed in cold water to speed up solidification of the paraffin. The 
solidified blocks could be stored at 4 °C. 
We used ProbeOn Plus slides (Fisher Biotechnology, USA). They were pre-cleaned 
and were charged with a white frosting on them that allows sandwiching them 
together in the hybridization/detection steps. During sectioning, continual ribbons 
were floated on water to get rid off wrinkles. After attaching the ribbons on the 
surface of slides, the slides were incubated overnight in slide-warmer at 42 ºC. 
Sectioned tissue could be stored at 4°C for several weeks. 
Pretreatment of slides for in situ hybridization  3.2.3.4 
For deparaffinization, slides were soaked twice in 100% histoclear for 10 min. Then 
slides were rehydrated with 100%, 95%, 90%, 80%, 60%, 30% ethanol and 
DEPC-treated water for 1-2 min in each step. The slides were then incubated in 2X 
SSC for 15-20 min. After treated with proteinase K (1μg/ml) in 100 mM Tris pH 8.0, 
and 50 mM EDTA for 30 min at 37°C, the slides were soaked in 2 mg/ml glycine in 
PBS solution for 2 min. After washed twice in PBS for 2 min, the slides were treated 
with 4% (w/v) paraformaldehyde in PBS solution (pH 7) for 10 min, and washed 
twice with PBS solution for 5 min. The slides were further treated with 0.1 M 
triethanolamine and acetic anhydride for 10 min. The slides were subsequently 
washed twice by PBS solution for 5 min, and dehydrated through 30%, 60%, 80%, 
90%, 95%, and 100% ethanol for 30 sec in each step. The slides were stored in a 
container with a little ethanol at the bottom for up to several hours at 4°C before they 





For in situ hybridization, the slides were incubated with the hybridization buffer that 
contains 0.5ng/μl/kb of RNA probes at 55°C overnight. Every 800μl of hybridization 
solution contained 100μl 10 X in situ salts, 400μl deionized formamide, 200μl 50% 
dextran sulfate, 20μl 50 X Denhardts solution (warm to 50OC before pipetting), 10μl 
tRNA (10 mg/ml), and 70μl DEPC-treated water. For each pair of slides, 60μl RNA 
probes in 50% formamide were heated to 80°C for 2 min, chilled on ice, spun down and 
mixed with 240μl of hybridization solution. The probes were then applied on the slides 
with one of the following methods. One technique was to apply 150μl probes to each 
slide, spreading them out over the entire slide with the side of a pipette tip so that all of 
the tissues were exposed to probes. Then two slides were slowly sandwiched together. 
Second technique was to put all of the probes in the middle of one slide and slowly 
massage the other slide on top until the two slides were merged together. Hybridized 
slides were elevated above wet paper towels in a plastic container that was sealed 
tightly, and incubated at 50-55°C overnight.  
Wash and detection 
Hybridized slides were washed via a series of solutions to reduce background signals. 
Before washing, 0.2 X SSC solution was pre-warmed to 55°C and 37°C, respectively. 
Hybridized slides were dipped and rinsed in 0.2 X SSC, and then washed twice in 0.2 
X SSC solution for 60 min with gentle agitation. The slides were incubated in PBS for 
5 min at room temperature. Then the slides were blocked with 1% Boehringer block 
(Roche, Germany) in 100 mM Tris pH 7.5, 150 mM NaCl for 45 min on rocker 
platform at room temperature. After blocking, the slides were incubated in 1.0% 
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Bovine Serum Albumin (BSA) in 100 mM Tris pH 7.5, 150 mM NaCl, 0.3% Triton 
X-100 for 45 min on rocker platform. Anti-dig antibody (Roche, Germany) was 
diluted in a ratio of 1:100-500 in 2 ml BSA/Tris/NaCl/Triton solution prepared as in 
the last step in a plastic weighing dish. The slides were sandwiched together and 
dipped into the antibody solution, which allowed capillary action to pull up solution 
throughout the slides. After the slides with antibody were incubated above wet paper 
towels in a plastic container for 2 hours, the antibody solution was drained on 
Kimwipes and the slides were separated. The slides were washed 4 times in 
BSA/Tris/NaCl/Triton solution for 15 min each at room temperature on rocker 
platform, and further washed twice in 100 mM Tris pH 9.5, 100 mM NaCl, 50 mM 
MgCl2 for 10 min each to ensure all of detergent was washed off. To prepare 
substrate solution to detect in situ signals, 10% (w/v) polyvinyl alcohol (PVA, either 
40 kD or 70-100 kD, Sigma, USA) was dissolved in Tris pH 9.5/NaCl/MgCl2 
solution to make a Tris-NaCl-PVA stock solution. To detect 30-50 slides, 200 μl 
NBT/BCIP stock solution (Roche, Germany) was mixed vigorously with 10 ml of 
Tris-NaCl-PVA stock solution. Around 300 μl solution was applied to each pair of 
slides, which were sandwiched and kept overnight in a wet plastic container in 
darkness. On the next day, the slides were separated and rinsed in tap water to stop 
reaction. They were dehydrated through 70% and 100% ethanol twice for less than 10 







Phenotypic analysis of 35S::AP1-GR ap1-1 
With the mock treatment, 35S::AP1-GR ap1-1 transgenic plants exhibited the same 
phentypes as ap1-1 mutants, which showed the conversion of floral meristems into 
inflorescence meristems with the generation of ectopic inflorescence structures and 
defects in outer two whorls (Fig. 11A, B).On the contrary, the continuous DEX 
treatment induced AP1 activity by translocating the AP1-GR fusion protein from the 
cytoplasm to the nucleus. Thus, DEX-treated 35S::AP1-GR ap1-1 plants showed the 
dramatic conversion of inflorescence shoot meristems into floral meristems with some 
terminal floral structures (Fig. 11C, D), which mimicked 35S:AP1 plants. It is 
noteworthy that , DEX treatment of 35S::AP1-GR ap1-1 plants could not only rescue 
the phenotype of the generation of inflorescence characters in ap1-1 flowers, but also 
rescue the floral organ defects in these flowers,. We could obviously observe the 
formation of sepals and petals in the flowers from DEX-treatment plants. These 
phenotypes implied that the AP1-GR fusion protein was able to function in vivo as a 
normal AP1 protein. 
 
Timed-induction gene expression assay by RT-PCR 
In a previous study (Yu et al. 2004b),  it has been found that in ap1-1 35S:AP1-GR,  
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Fig. 11 Biological function of AP1-GR fusion protein in 35S::AP1-GR ap1-1 plants. 
(A and C) An inflorescence meristem. (B and D) A flower. Mock treated 35S::AP1-GR 
ap1-1 plants exhibit the same phenotype as ap1-1 (A and B), while after continuous 
Dex treatment, plants look like 35S::AP1 (C and D). 
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AGL24 expression in inflorescence apices was repressed by induced AP1 activity even 
in the presence of cycloheximide, an efficient inhibitor of protein synthesis, suggesting 
that AGL24 could be an immediate target of transcriptional repression by AP1 (Yu et al. 
2004b). 
To test whether AP1 activity was also able to repress the expression of SVP and SOC1, 
we used the same transgenic line of ap1-1 35S:AP1-GR to examine the expression 
levels of both genes upon the induction of AP1 activity. Semi-quantitative RT-PCR 
analyses showed that dexamethasone treatment of inflorescence apices of ap1-1 
35S:AP1-GR for 2 h or longer resulted in continuous reduction of SVP and SOC1 RNA 
levels relative to mock-treated controls (Figs. 12 and 13). In the experiment with 
combined treatment of dexamethasone and cycloheximide at the 4 h time point, the 
repression of SVP and SOC1 by induced AP1 activity was not blocked by 
cycloheximide (Fig. 14). These results suggest that both SVP and SOC1, like AGL24, 
are immediate targets of transcriptional repression by AP1.  
 
Spatial expression pattern comparison of SVP and SOC1 in 
wild type and ap1-1 inflorescence 
3.3.3 
To further examine if AP1 acts as a repressor of flowering time genes in floral 
meristems, we compared the expression patterns of SVP and SOC1 in wild-type plants 
and ap1-1 by in situ hybridization.  





Fig. 12 Down-regulation of SVP expression by activation of the AP1-GR fusion 
protein. Time course expression of SVP in inflorescences of ap1-1 35S::AP1-GR 
plants mock-treated (M) or treated with 10 µM dexamethasone (D) were examined by 
semi-quantitative PCR. The numbers below each lane indicate the relative expression 
levels of each studied gene, calculated by normalizing each signal first against the 





Fig. 13 Down-regulation of SOC1 expression by activation of the AP1-GR fusion 
protein. Time course expression of SOC1 in inflorescences of ap1-1 35S::AP1-GR 
plants mock-treated (M) or treated with 10 µM dexamethasone (D) were examined by 
semi-quantitative PCR. The numbers below each lane indicate the relative expression 
levels of each studied gene, calculated by normalizing each signal first against the 






Fig. 14 Reduced expression level of SVP and SOC1 by activation of the AP1-GR 
fusion protein soon after Dex and CYC treatment support the direct regulation 
by AP1. Expression of SVP and SOC1 in inflorescences of ap1-1 35S::AP1-GR, 
which were mock-treated (M), treated with 10 µM dexamethasone (D), with 10 µM 
cycloheximide (C), and with 10 µM cycloheximide plus dexamethasone (CD), were 
examined by semi-quantitative PCR. The numbers below each lane indicate the 
relative expression levels of each studied gene, calculated by normalizing each signal 
first against the signal for TUB2 and then against the first-lane value.  
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corresponding cauline leaf (Hartmann et al. 2000). SVP expression was not detectable 
in the inflorescence meristem, but rather confined to the stage 1 floral meristem (Fig. 
15A). This expression pattern implies that the emerging floral meristems initiate with 
certain characteristics of shoot meristems. SVP expression was reduced in the stage 2 
floral meristem and completely disappeared in the floral meristems after stage 3 (Fig. 
15B-D). This finding provided more detailed description of SVP expression in young 
floral meristems as compared with a previous study reporting that SVP expression is not 
detectable prior to emergence of the sepal primordia (Hartmann et al. 2000). In ap1-1 
mutants, SVP expression was, however, increased in the stage 2 floral meristem (Fig. 
16A). It was ectopically expressed in the adaxial surface of sepal primordia in the floral 
meristems after stage 2 (Fig. 16B-D), which coincided with the loss of AP1 activity in 
the same regions. At later stages of floral development, ectopic expression of SVP was 
apparent in the regions that could potentially emerge as new shoot meristems (Fig. 
16D).  
The ectopic expression of SOC1 was also observed in ap1-1. In wild-type plants, SOC1 
expression was barely detectable in the floral meristems between stage 1 and early 
stage 3, but appeared in the centre of floral meristems after stage 3 and later in the 
stamen and carpel primordia (Fig. 17A-D). These expression patterns are comparable 
to previously published results showing the subtle change of SOC1 expression in 
early-stage floral meristems (Borner et al. 2000; Lee et al. 2000; Samach et al. 2000). It 
is noteworthy that the absence of SOC1 expression in young floral meristems and in the 
sepal and petal primordia of developing flowers coincided with the AP1 expression in 
the same regions (Mandel et al. 1992). In ap1-1, SOC1 was ectopically expressed in 
young floral meristems, and its expression was present throughout the whole zone of  
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Fig. 15 Temporal and spatial expression of SVP in wild-type plants. In situ 
hybridization was performed with SVP-specific antisense probe. Numbers indicate 
floral stages (Smyth et al. 1990). SAM, shoot apical meristem; IM, inflorescence 





Fig. 16 Temporal and spatial expression of SVP in ap1-1 plants. In situ 
hybridization was performed with SVP-specific antisense probe. Numbers indicate 
floral stages (Smyth et al. 1990). 
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 Fig. 17 Temporal and spatial expression of SOC1 in wild-type plants. In situ 
hybridization was performed with SOC1-specific antisense probe. Numbers indicate 
floral stages (Smyth et al. 1990).IM, inflorescence meristem; e3, early stage 3. 
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Fig. 18 Temporal and spatial expression of SOC1 in ap1-1 plants. In situ 
hybridization was performed with SOC1-specific antisense probe. Numbers indicate 
floral stages (Smyth et al. 1990).IM, inflorescence meristem. 
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the floral meristems after stage 3 (Fig. 18A-C). These results, together with the 
previous report showing the ectopic expression of AGL24 in the floral meristems of 
ap1-1 (Yu et al.  2004b), suggest that AP1 may be required for the repression of a 
group of flowering-time genes in floral meristems, including AGL24, SVP, and SOC1. 
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Chapter 4 Discussion 
Previous studies have demonstrated that AP1 is one of the floral meristem identity 
genes that initiate the floral development. Besides, AP1 also functions as a function A 
gene in floral organ patterning (Bowman et al.  1993, Weigel & Meyerowitz 1993, 
Mandel & Yanofsky 1995, Parcy et al. 1998, Wagner et al. 1999). These AP1 functions 
have been reflected in the phenotypes of ap1-1 loss-of-function mutants. Disruption of 
the early AP1 function results in the partial transformation of flowers into inflorescence 
shoots, while disruption of the later function causes abolished initiation of sepals and 
petals in the outer two whorls. It is interesting to note that the extent of floral reversion 
gradually reduces from basal to apical positions in ap1-1 mutants, that is, the basal 
flowers from an inflorescence shoot show the strongest reversion into the inflorescence 
meristem (Fig. 5B-D). The mechanism underlying this phenomenon is unknown. A 
possible explanation is the effect of epigenetic regulation,  
Interestingly, overexpression of AGL24, SVP or SOC1 in Arabidopsis exhibits different 
levels of floral conversion phenotypes. In 35S::AGL24 transgenic plants, flowers 
behave as inflorescence shoots by generating several secondary structures like flowers 
in the axil of first whorl of organs (Fig. 6A). In addition, there are no petals in the 
second whorl. These phenotypes demonstrate that overexpression AGL24 can convert 
flowers into inflorescences similar to that in ap1-1. In 35S::SVP transgenic plants, 
flowers are converted into shoot-like structures, which are characteristic of vegetative 
shoots combined with abnormal terminal flowers (Fig.7D). The ectopic generation of 
secondary floral structures could be observed in shoot-like structures at basal position 
of an inflorescence. In the double transgenic plants of 35S::AGL24 and 35S::SVP , 
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severer phenotypes were observed in their flowers. They develop almost like 
inflorescence shoots with the continuous production of leaves and the corresponding 
secondary flowers in their axils on the elongated internodes, which exactly mimics the 
floral structures arising at basal positions of the inflorescence of ap1-1 (Fig. 8A, B). 
Among three single transgenic gene plants, 35S::SOC1 flowers exhibit the weakest 
phenotypes with only the conversion of petals into light green sepaloid structure. 
Somewhat surprisingly, double overexpression of 35S::SOC1 35S::AGL24 can 
enhance the production of secondary flowers in floral meristems at a basal positions, 
which mimicks the floral structures arising at median positions of the inflorescence of 
ap1-1 (Fig. 8A, B). These findings suggest that the ectopic interactions among these 
flowering time genes are sufficient to transform floral meristems into various shoot-like 
structures similar to the flowers of loss-of function of AP1. Therefore, in floral 
meristems of wild-type plants, the expression of flowering time genes AGL24, SVP, 
and SOC1 has to be repressed to secure a normal flower development. 
Consistent with the above overexpression data, ap1-1 agl24, ap1-1 svp-41, and ap1-1 
soc1 all generate obviously reduced supernumerary inflorescence compared to ap1-1 
single mutants, which are resulted from reduced production of ectopic secondary 
structures in floral meristems of these double mutants (Figs. 9, 10). Intriguingly, agl24 
and svp-41 rescue ap1-1 in a different way from soc1. In ap1-1 agl24 and ap1-1 svp-41, 
the number of secondary structures in axils of the first-whorl organs in a flower is 
reduced and most of these secondary structures behave as single flowers (Figs. 9D, 
10C). However, in the flowers of ap1-1 soc1, the number of secondary structures is also 
reduced, while the second structures remain behaving like inflorescence meristems (Fig. 
10D). These results demonstrate evidence that the ap1-1 phenotypes are partially 
caused by the ectopic activity of AGL24, SVP, and SOC1 in floral meristems, and that 
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these three flowering time genes contribute differently to ap1 phenotypes. Therefore, 
AP1 activity is required for repressing the ectopic expression of these genes in the floral 
meristem. Without AP1 activity, ectopic interactions between SVP, AGL24 and SOC1 
could transform the meristems of perianth organs into floral or inflorescence meristems 
with or without internode elongation.  
Furthermore, we have found that without AP1 activity, these flowering time genes are 
ectopically expressed in the floral meristem. Both AGL24 (Yu et al. 2004b) and SOC1 
(Fig. 18) are ectopically expressed throughout the ap1-1 floral meristems at early stages, 
while SVP exhibits a different expression pattern. Its expression increases in the stage-2 
floral meristem of ap1-1, and is detectable in the adaxial surface of sepal primordia or 
the regions that could potentially emerge as new meristems in floral meristems after 
stage 2 (Figs. 18B, C). These results further suggest that AP1 activity is required for 
repressing the ectopic expression of AGL24, SVP, and SOC1 in the floral meristem.  
Unlike AGL24 and SOC1, SVP expression is undetectable in the whole zone of 
wild-type flowers after stage 2 (Fig. 15C, D), indicating that repression of SVP is 
essential for the development of four whorls of floral organs. Indeed, the phenotype of 
the floral structures in 35S::SVP demonstrated that the development of reproductive 
organs could also be severely compromised by ectopic SVP expression (Fig. 7). In 
ap1-1 floral meristems at stages 3 or 4, ectopic expression of SVP was observed in the 
regions where reproductive organs would initiate (Fig. 16B-D), implying that AP1 can 
only repress SVP in the region where perianth floral organs would potentially occur. 
Thus, it will be interesting to further investigate if other floral regulatory genes acting in 
the promotion of reproductive organs, such as AG, would be involved in the repression 
of SVP in the corresponding region of the floral meristem. 
 93
By posttranslational activation of AP1-GR, we further demonstrated the repression of 
SVP and SOC1 by induced AP1 activity (Fig. 12, 13). Moreover, the down-regulation 
of SVP and SOC1 by dexamethasone treatment of AP1-GR inflorescence apices was not 
affected by cycloheximide, indicating that repression of both genes by AP1 is 
independent of protein synthesis (Fig. 14). These results, together with the previous 
finding (Yu et al. 2004b), suggest that AGL24, SVP and SOC1 are all direct targets of 
transcriptional repression by AP1.  
It has recently been shown that AP1 can be activated by a flowering complex of FT and 
FD that is independent of LFY activity (Abe et al. 2005; Huang et al. 2005; Wigge et al. 
2005). Thus, activation of AP1 for direct repression of the expression of flowering time 
genes in the floral meristem could be a key regulatory pathway that is parallel with 
activation of LFY for promoting floral organ identity genes (Weigel et al. 1992; Parcy et 
al. 1998). Direct regulation of AP1 by LFY may provide an essential channel to 
coordinate these two events during the specification of the floral meristem identity. In 
particular, the repressive function of AP1 seems critical for determining the identities of 
perianth floral organs, because ectopic expression of several flowering-time genes in 
the absence of AP1 is sufficient to convert perianth organs into different shoot 
structures, while the development of reproductive organs is only partially affected. 
Interestingly, AP1 has shown dual functions as either an activator or a repressor in the 
floral meristem. Previous studies have revealed that AP1 acts as a transcriptional 
activator mediating the specification of petals by regulating B class homeotic genes 
(Hill & Lord 1998; Ng &Yanofsky 2001), while the current study has uncovered a new 
facet of AP1 as a master transcriptional repressor in preventing the reversion of floral 
meristems into shoot meristems. The fascinating variety of activities ascribed to AP1 
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implies that it may be a part of different protein complexes or subject to various 
post-translational modifications that lead to different developmental regulations. A 
typical example is that AP1 protein could be farnesylated both in vitro and in vivo and 
that non-prenylated form of AP1 could generate novel phenotypes when ectopically 
expressed in Arabidopsis (Yalovsky et al. 2000), suggesting that protein farnesylation 
plays a role in modulating AP1 function. Further investigation of the setting of distinct 
transcriptional activities of AP1 will contribute to the understanding of combinatorial 
control of flower development and functional modes of transcription factors involved.  
It is noteworthy that without AP1 activity, ectopic expression of SVP, AGL24 and SOC1 
could transform perianth organs into new flowers or inflorescences with or without 
internode elongation. This would significantly affect the structure of floral perianth 
organs. The orthologs of Arabidopsis AP1, termed euAP1 gene clade, are only present 
in the core eudicots that comprise the majority of extant angiosperm species (Litt & 
Irish 2003). The fixed floral perianth structures in these plants are in contrast to the 
plastic ones in non-eudicot and non-core eudicot species. It will be interesting to 
examine if the orthologs of the flowering time genes revealed in this study are normally 
expressed in the flowers of non-eudicot and non-core eudicot species that lack euAP1 
genes. This will be important for addressing the puzzle whether repression of flowering 





AP1 is a critical regulator specifying the floral meristem identity in Arabidopsis. 
Although previous studies have suggested that AP1 may determine floral meristem 
identity by regulation of genes involved in floral organ formation or inflorescence 
commitment, none of these genes have been proved in vivo as direct targets of AP1 in 
the specification of floral meristem identity.  
With genetic and molecular evidence in this paper, we show that AP1 functions as a 
bona fide master regulator repressing directly a group of flowering time genes to 
prevent the reversion of floral meristems into shoot meristems during flower 
development. In the absence of AP1, these flowering time genes interact ectopically to 
transform floral meristems into shoot meristems. Using posttranslational activation of 
AP1-GR, we demonstrate that these flowering time genes are direct targets of AP1. 
These findings reveal that AP1 is a pivotal regulator providing feedback repression of 
flowering time genes during flower development. The results derived from this study 
make us closer to the whole picture of flower development, which opens up a new 
avenue to change important agronomical properties relevant with flower development. 
In addition, our results provide insights into the investigation of the orthologs of AP1, 
AGL24, SVP, and SOC1 in other eudicots. A lot of MADS-box members in the same 
phylogenetic subfamilies share similar spatial and temporal expression patterns and 
perform similar regulatory functions (Theißen et al. 1996). Studies on the function of 
Arabidopsis MADS-box genes will shed light on the elucidation of their orthologs in 
other plants species. .  
 96
Reference 
Abe, M., Kobayashi, Y., Yamamoto, S., Daimon, Y., Yamaguchi, A., Ikeda, Y., 
Ichinoki, H., Notaguchi, M., Goto, K., and Araki, T. (2005). FD, a bZIP 
Protein Mediating Signals from the Floral Pathway Integrator FT at the Shoot 
Apex. Science 309, 1052-1056. 
Alvarez, J. and Smyth, D.R. (1999). CRABS CLAW and SPATULA, two Arabidopsis 
genes that control carpel development in parallel with AGAMOUS. Development 
126, 2356–2375. 
Angenent, G. C., Busscher, M., Franken, J., Mol, J. N. M., and van Tunen, A. J. 
(1992). Differential expression of two MADS box genes in wild-type and mutant 
Petunia flowers. Plant Cell 4, 983–993. 
Anthony, R. G., James, P. E. and Jordan, B. R. (1996). Cauliflower (Brassica 
oleracea var. botrytis L.) curd development: the expression of meristem identity 
genes. J. Exp. Bot. 47, 181-188.  
Battey, N.H., and Lyndon, R.F. (1984). Changes in apical growth and phyllotaxis on 
flowering and reversion in Impatiens balsamina L. Ann. Bot. 54, 553–567.  
Battey, N.H., and Lyndon, R.F. (1986). Apical growth and modification of the 
development of primordia during re-flowering of reverted plants of Impatiens 
balsamina L. Ann. Bot. 58, 333–341. 
Battey, N. H. (2000). Aspects of seasonality. J. Exp. Bot. 51, 1769-1780. 
 97
Becker, A. and Theißen, G. (2003). The major clades of MADS-box genes and their 
role in the development and evolution of flowering plants. Mol. Phylogenet. Evol. 
29, 464-489. 
Blazquez, M. A., R. Green, O. Nilsson, M. R. Sussman, and D. Weigel. (1998). 
Gibberellins promote flowering of Arabidopsis by activating the LEAFY 
promoter. Plant Cell 10, 791–800. 
Blazquez, M., Ahn, J.H., and Weigel, D. (2003). A thermosensory pathway 
controlling flowering time in Arabidopsis thaliana. Nat. Genet. 33, 168–171. 
Borner, R., Kampmann, G., Chandler, J., Gleissner, R., Wisman, E., Apel, K., and 
Melzer, S. (2000). A MADS domain gene involved in the transition to flowering 
in Arabidopsis. Plant J. 24, 591-599. 
Boss, P., Bastow, R., Mylne, J. M., and Dean, C. (2004). Multiple pathways in the 
decision to flower: enabling, promoting and resetting. Plant Cell 16, S18–S31. 
Bowman, J.L., Smyth, D.R., and Meyerowitz, E.M. (1989). Genes directing flower 
development in Arabidopsis. Plant Cell 1, 37–52. 
Bowman, J.L., Alvarez, J., Weigel, D., Meyerowitz, E.M., and Smyth, D.R. (1993). 
Control of flower development in Arabidopsis thaliana by APETALA1 and 
interacting genes. Development 119, 721–743.  
Bradley, D., Carpenter, R., Copsey, L., Vincent, C., Rothstein, S., and Coen, E. 
(1996). Control of inflorescence architecture in Antirrhinum. Nature 379, 
791–797. 
 98
Bradley, D., Carpenter, R., Sommer, H., Hartley, N., and Coen, E. (1993). 
Complementary floral homeotic phenotypes result from opposite orientations of a 
transposon at the plena locus of Antirrhinum. Cell 72, 85–95. 
Bradley, D., Ratcliffe, O., Vincent, C., Carpenter, R., and Coen, E. (1997). 
Inflorescence commitment and architecture in Arabidopsis. Science 275, 80–83. 
Burn, J.E., Smyth, D.R., Peacock, W.J., and Dennis, E.S. (1993a). Genes conferring 
late flowering in Arabidopsis thaliana. Genetics 90, 147–155. 
Burn, J.E., Bagnall, D.J., Metzger, J.D., Dennis, E.S., and Peacock, W.J. (1993b). 
DNA methylation, vernalization, and the initiation of flowering. Proc. Natl. Acad. 
Sci. USA 90, 287–291. 
Busch, M.A., Bomblies, K., and Weigel, D. (1999). Activation of a floral homeotic 
gene in Arabidopsis. Science 285, 585–587. 
Cerdan, P.D. and Chory, J. (2003). Regulation of flowering time by light quality. 
Nature 423, 881–885. 
Chandler, J., Wilson, A., and Dean, C. (1996). Arabidopsis mutants showing an 
altered response to vernalization. Plant J. 10, 637–644. 
Clarke, J.H. and Dean, C. (1994). Mapping FRI, a locus controlling flowering time 
and vernalization response in Arabidopsis thaliana. Mol. Gen. Genet. 242, 81–89. 
Clark, S.E. (1997). Organ Formation at the Vegetative Shoot Meristem. Plant Cell 9, 
1067-1076.  
Clough, S. J. and Bent, A.F. (1998). Floral dip: a simplified method for 
 99
Agrobacterium -mediated transformation of Arabidopsis thaliana. Plant J. 16, 
735-743. 
Colombo, L., Franken, J., Koetje, E., van Went, J., Dons, H., Angenent, G., and 
van Tunen, A. (1995). The petunia MADS box gene FBP11 determines ovule 
identity. Plant Cell 7, 1859–1868. 
Colombo, L., Van Tunen, A.J., Dons, H.J.M., and Angenent, G.C. (1997). 
Molecular control of flower development in Petunia hybrida. Advances in 
Botanical Research 26, 229–250. 
Davies, B., Egea-Cortines, M., de Andrade Silva, E., Saedler, H., and Sommer, H. 
(1996). Multiple interactions amongst floral homeotic MADS box proteins. 
EMBO J. 15, 4330–4343. 
Dill, A. and Sun, T.P. (2001). Synergistic derepression of gibberellin signaling by 
removing RGA and GAI function in Arabidopsis thaliana. Genetics 159, 777 
-785. 
Ditta, G., Pinyopich, A., Robles, P., Pelaz, S., and Yanofsky, M.F. (2004). The 
SEP4 gene of Arabidopsis thaliana functions in floral organ and meristem 
identity. Curr. Biol. 14, 1935–1940. 
Egea-Cortines, M., Saedler, H., and Sommer, H. (1999). Ternary complex formation 
between the MADS-box proteins SQUAMOSA, DEFICIENS and GLOBOSA is 
involved in the control of floral architecture in Antirrhinum majus. EMBO J. 18, 
5370–5379.  
Evans, M.M.S. and Barton, K. (1997). Genetics of angiosperm shoot apical meristem 
 100
development. Annu. Rev. Plant Physiol. Plant Mol. Biol. 48, 673-701. 
Fan, H.Y., Hu, Y., Tudor, M., and Ma, H. (1997). Specific interactions between the 
K domains of AG and AGLs, members of the MADS domain family of DNA 
binding proteins. Plant J. 12, 999–1010.  
Favaro, R. (2003). MADS-box protein complexes control carpel and ovule 
development in Arabidopsis. Plant Cell 15, 2603–2611.  
Ferrario, S., Immink, R. G. H., Shchennikova, A., Busscher-Lange, J., and 
Angenent, G. C. (2003). The MADS box gene FBP2 is required for SEPALLATA 
function in Petunia. Plant Cell 15, 914–925. 
Fletcher, J. C. (2002). Shoot and floral meristem maintenance in Arabidopsis. Annu. 
Rev. Plant Biol. 53, 45−66.  
Fornara, F., Marziani, G., Mizzi, L., Kater, M., and Colombo, L. (2003). 
MADS-box genes controlling flower development in rice. Plant Biol. 5, 16–22.  
Gendall, A.R., Levy, Y.Y., Wilson, A., and Dean, C. (2001). The VERNALIZATION 
2 gene mediates the epigenetic regulation of vernalization in Arabidopsis. Cell 
107, 525–535. 
Halliday, K.J., Salter, M.G., Thingnaes, E., and Whitelam, G.C. (2003). 
Phytochrome control of flowering is temperature sensitive and correlates with 
expression of the floral integrator FT. Plant J. 33, 875–885. 
Hartmann, U., Hohmann, S., Nettesheim, K., Wisman, E., Saedler, H., and 
Huijser, P. (2000). Molecular cloning of SVP: A negative regulator of the floral 
 101
transition in Arabidopsis. Plant J. 21, 351–360.  
Hayes, T.E., Sengupta, P., and Cochran, B.H. (1988). The human c-fos serum 
response factor and the yeast factor GRM/PRTF have related DNA-binding 
specificities. Genes Dev. 2, 1713–1722.  
He, Y., Michaels, S. D., and Amasino, R. M. (2003). Regulation of flowering time by 
histone acetylation in Arabidopsis. Science 302, 1751-1754. 
Helliwell, C.A., Wood, C.C., Robertson, M., Peacock, W.M., and Dennis, E.S. 
(2006). The Arabidopsis FLC protein interacts directly in vivo with SOC1 and FT 
chromatin and is part of a high-molecular weight protein complex. Plant J. 46, 
183–192. 
Hepworth, S. R., Valverde, F., Ravenscroft, D., Mouradov, A., and Coupland, G. 
(2002). Antagonistic regulation of flowering-time gene SOC1 by CONSTANT 
and FLC via separate promoter motifs. EMBO J. 21, 4327-4337 
Hill, J.P., and Lord, E.M. (1989). Floral development in Arabidopsis thaliana: 
Comparison of the wildtype and the homeotic pistillata mutant. Can. J. Bot. 67, 
2922-2936. 
Honma, T. and Goto, K. (2001). Complexes of MADS-box proteins are sufficient to 
convert leaves into floral organs. Nature 409, 525–529. 
Huang, T., Bohlenius, H., Eriksson, S., Parcy, F., and Nilsson, O., (2005). The 
mRNA of the Arabidopsis gene FT moves from leaf to shoot apex and induces 
flowering. Science 309, 1694–1696. 
 102
Inoue, H., H. Nojima, and H. Okayama. (1990). High efficiency transformation of 
Escherichia coli with plasmids. Gene 96, 23-28. 
Irish, V. F. and Sussex, I. M. (1990). Function of the apetala1-1 gene during 
Arabidopsis floral development. Plant Cell 2, 741-753. 
Izawa, T., Takahashi, Y., and Yano, M. (2003). Comparative biology comes into 
bloom: genomic and genetic comparison of flowering pathways in rice and 
Arabidopsis. Curr. Opin. Plant Biol. 6, 113-120. 
Kane, N.A., Danyluk, J., Tardif, G., Ouellet, F., Laliberte, J.F., Limin, A.E., 
Fowler, D.B., and Sarhan, F. (2005). TaVRT-2, a member of the StMADS-11 
clade of flowering repressors, is regulated by vernalization and photoperiod in 
wheat. Plant Physiol. 138, 2354–2363. 
Kanno, A., Saeki, H., Kameya, T., Saedler, H., and Theissen, G.H. (2003). 
Expression of class B floral homeotic genes supports a modified ABC model for 
tulip (Tulipa gesneriana). Plant Mol. Biol. 52, 831–841. 
Kardailsky, I., Shukla, V.K., Ahn, J.H., Dagenais, N., Christensen, S.K., Nguyen, 
J.T., Chory, J., Harrison, M.J., Weigel, D. (1999). Activation tagging of the 
floral inducer FT. Science 286, 1962-1965. 
Kater, M.M., Franken, J., Carney, K.J., Colombo, L., and Angenent, G.C. (2001). 
Sex determination in the monoecious species cucumber is confined to specific 
floral whorls. Plant Cell 13, 481–493. 
Kobayashi, Y., Kaya, H., Goto, K., Iwabuchi, M., and Araki, T. (1999). A pair of 
related genes with antignostic roles in mediating flowering signals. Science 286, 
 103
1960-1962. 
Konieczny, A. and Ausubel, F. M. (1993). A procedure for mapping Arabidopsis 
mutations using co-dominant ecotype-specific PCR-based markers. Plant J. 4, 
403-410.  
Koornneef, M., Hanhart, C.J., and Van Der Veen, J.H. (1991). A genetic and 
physiological analysis of late flowering mutants in Arabidopsis thaliana. Mol. 
Gen. Genet. 229, 57–66.  
Koornneef, M., Alonso-Blanco, C., Blankestijn-de Vries, H., Hanhart, C.J., and 
Peeters, A.J. (1998a). Genetic interactions among late-flowering mutants of 
Arabidopsis. Genetics 148, 885–892. 
Koornneef, M., Alonso-Blanco, C., Peeters, A.J., and Soppe, W. (1998b). Genetic 
control of flowering time in Arabidopsis. Annu. Rev. Plant Physiol. Plant Mol. 
Biol. 49, 345–370. 
Krizek, B.A. and Fletcher, J.C. (2005). Molecular mechanisms of flower 
development: an armchair guide. Nature Reviews Genetics 6, 688-698.  
Krol v., C. (1993). Flower development in Petunia. Plant Cell 5,1195–1203. 
Kwon, C. S., Chen, C., and Wagner, D. (2005). WUSCHEL is a primary target for 
transcriptional regulation by SPLAYED in dynamic control of stem cell fate in 
Arabidopsis. Genes Dev. 19, 992–1003. 
Laibach, F. (1951). Über sommer- und winterannuelle Rassen von Arabidopsis 
thaliana (L.) Heynh. Ein Beitrag zur Ätiologie der Blütenbildung. Beitr. Biol. 
 104
Pflanzen 28, 173-210. 
Laufs, P., Grandjean, O., Jonak, C., Kiêu, K., and Traas, J. (1998). Cellular 
Parameters of the Shoot Apical Meristem in Arabidopsis. Plant Cell 10, 
1375-1390. 
Lee, I.A.B. and Amasino, R. (1993). Analysis of naturally occurring late flowering in 
Arabidopsis thaliana. Mol. Gen. Genet. 237, 171–176. 
Lee, H., Suh, S.S., Park, E., Cho, E., Ahn, J.H., Kim, S.G., Lee, J.S., Kwon, Y.M., 
and Lee, I. (2000). The AGAMOUS-LIKE 20 MADS domain protein integrates 
floral inductive pathways in Arabidopsis. Genes Dev. 14, 2366–2376. 
Lenhard, M., Bohnert, A., Jurgens, G. and Laux, T. (2001). Termination of stem 
cell maintenance in Arabidopsis floral meristems by interactions between 
WUSCHEL and AGAMOUS. Cell 105, 805–814. 
Levy, Y.Y., Mesnage, S., Mylne, J.S., Gendall, A.R., and Dean, C. (2002). Multiple 
roles of Arabidopsis VRN1 in vernalization and flowering time control. Science 
297, 243–246. 
Liljegren, S.J., Gustafson-Brown, C., Pinyopich, A., Ditta, G.S., and Yanofsky, 
M.F. (1999). Interactions among APETALA1, LEAFY, and TERMINAL 
FLOWER1 specify meristem fate. Plant Cell 11, 1007–1018. 
Liljegren, S.J., Ditta, G.S., Eshed, Y., Savidge, B., Bowman, J.L., and Yanofsky, 
M.F. (2000). SHATTERPROOF MADS-box genes control seed dispersal in 
Arabidopsis. Nature 404, 766-770. 
 105
Litt, A. and Irish, V.F. (2003). Duplication and diversification in the 
APETALA1/FRUITFULL floral homeotic gene lineage: implications for the 
evolution of floral development. Genetics 165, 821–833. 
Lohmann, J.U., Hong, R.L., Hobe, M., Busch, M.A., Parcy, F., Simon, R., and 
Weigel, D. (2001). Molecular link between stem cell regulation and floral 
patterning in Arabidopsis. Cell 105, 793-803. 
Lohmann, J. U. and Weigel, D. (2002). Building beauty: the genetic control of floral 
patterning. Dev. Cell 2, 135-142. 
Mao, L., Begum, D., Chuang, H.W., Budiman, M. A., Szymkowiak, E. J., Irish, E. 
E., and Wing, R. A. (2000). JOINTLESS is a MADS-box gene controlling 
tomato flower abscission zone development. Nature 406, 910-913. 
Mandel, M.A., Gustafson-Brown, C., Savidge, B., and Yanofsky, M.F. (1992). 
Molecular characterization of the Arabidopsis floral homeotic gene APETALA1. 
Nature 360, 273–277. 
Mandel, M.A., and Yanofsky, M.F. (1995). A gene triggering flower formation in 
Arabidopsis. Nature 377, 522–524. 
Martinez-Zapater, J.M. and Somerville, C.R. (1990). Effect of light quality and 
vernalization on late-flowering mutants of Arabidopsis thaliana. Plant Physiol. 
92, 770–776. 
Masiero, S., Li, M.A., Will, I., Hartmann, U., Saedler, H., Huijser, P., 
Schwarz-Sommer, Z., and Sommer, H. (2004). INCOMPOSITA: a MADS-box 
gene controlling prophyll development and floral meristem identity in 
 106
Antirrhinum. Development 131, 5981-5990. 
Medford, J.I. (1992) Vegetative apical meristems. Plant Cell 4, 1029-1039. 
Medford, J.I., Behringer, F.J., Callos, J.D., and Feldmann, K.A. (1992). Normal 
and Abnormal Development in the Arabidopsis Vegetative Shoot Apex. Plant 
Cell 4, 631-643. 
Michaels, S.D., Ditta, G., Gustafson-Brown, C., Pelaz, S., Yanofsky, M., and 
Amasino, R.M. (2003). AGL24 acts as a promoter of flowering in Arabidopsis 
and is positively regulated by vernalization. Plant J. 33, 867–874. 
Moon, J., Suh, S.S., Lee, H., Choi, K.R., Hong, C.B., Paek, N.C., Kim, S.G., and 
Lee, I. (2003). The SOC1 MADS-box gene integrates vernalization and 
gibberellin signals for flowering in Arabidopsis. Plant J. 35, 613–623. 
Moore, I. (1998). A transcription activation system for regulated gene expression in 
transgenic plants. Proc. Natl. Acad. Sci. USA 95, 376-381. 
Mouradov, A., Cremer, F., and Coupland, G. (2002). Control of flowering time: 
Interacting pathways as a basis for diversity. Plant Cell 14 (suppl.), S111–S130. 
Müller, A. (1961). Zur Charakterisierung der Bluten und Infloreszenzen von 
Arabidopsis thaliana. Heynh. Kulturpflanze 9, 364-393. 
Münster, T., Pahnke, J., Di Rosa, A., Kim, J.T., Martin, W., Saedler, H., and 
Theißen, G. (1997). Floral homeotic genes were recruited from homologous 
MADS-box genes preexisting in the common ancestors of ferns and seed plants. 
Proc. Natl. Acad. Sci. USA 94, 2415–2420. 
 107
Nagasawa, N. (2003). SUPERWOMAN and DROOPING LEAF genes control floral 
organ identity in rice. Development 130, 705–718.  
Ng, M. and Yanofsky, M. F. (2001). Activation of the Arabidopsis B class homeotic 
genes by APETALA1. Plant Cell 13, 739-753. 
Onouchi, H., Igeno, M.I., Perilleux, C., Graves, K., and Coupland, G. (2000). 
Mutagenesis of plants overexpressing CONSTANS demonstrates novel 
interactions among Arabidopsis flowering-time genes. Plant Cell 12, 885–900. 
Parcy, F., Nilsson, O., Busch, M.A., Lee, I., and Weigel, D. (1998). A genetic 
framework for floral patterning. Nature 395, 561–566. 
Parenicova, L., de Folter, S., Kieffer, M., Horner, D.S., Favalli, C., Kater, M.M., 
Davies, B., Angenent, G.C., and Colombo, L. (2003). Molecular and 
phylogenetic analyses of the complete MADS-box transcription factor family in 
Arabidopsis: New openings to the MADS world. Plant Cell 15, 1538–1551.  
Pelaz, S., Ditta, G. S., Baumann, E., Wisman, E., and Yanofsky, M. F. (2000). B 
and C floral organ identity functions require SEPALLATA MADS-box genes. 
Nature 405, 200–203. 
Pelaz, S., Tapia-Lopez, R., Alvarez-Buylla, E. R., and Yanofsky, M. F. (2001). 
Conversion of leaves into petals in Arabidopsis. Curr. Biol. 11, 182–184. 
Pellegrini, L., Tan, S., and Richmond, T.J. (1995). Structure of serum response 
factor core bound to DNA. Nature 376, 490–498. 
Pena, L., Martı´n-Trillo, M., Jua´ rez, J., Pina, J.A., Navarro, L. and 
 108
Martı´nez-Zapater, J.M. (2001). Constitutive expression of Arabidopsis 
LEAFY or APETALA1 genes in citrus reduces their generation time. Nat. 
Biotechnol. 19, 263–267.  
Pinyopich, A., Ditta, G.S., Savidge, B., Liljegren, S.J., Baumann, E., Wisman, E., 
and Yanofsky, M.F. (2003). Assessing the redundancy of MADS-box genes during 
carpel and ovule development. Nature 424, 85–88. 
Poethig, R. S. (1989). Genetic mosaics and cell lineage analysis in plants. Trends 
Genet. 5, 273-277. 
Poethig, R. S. (2003). Phase change and the regulation of shoot morphogenesis in 
plants. Science 250, 923-929. 
Polak, J.M. and James, O.M. (1990). In Situ Hybridization: Principles and Practice. 
Oxford University Press, Oxford, pp.10-30. 
Pouteau, S., Nicholls, D., Tooke, F., Coen, E. and Battey, N. (1997). The induction 
and maintenance of flowering in Impatiens. Development 124, 3343-3351. 
Pouteau, S., Tooke, F. and Battey, N. (1998). Quantitative control of inflorescence 
formation in Impatiens balsamina. Plant Physiol. 118, 1191-1201. 
Purugganan, M.D., Rounsley, S.D., Schmidt, R.J., and Yanofsky, M.F. (1995). 
Molecular evolution of flower development: Diversification of the plant 
MADS-box regulatory gene family. Genetics 140, 345–356. 
Putterill, J., Robson, F., Lee, K., Simon, R., and Coupland, G. (1995). The 
CONSTANS gene of Arabidopsis promotes flowering and encodes a protein 
 109
showing similarities to zinc finger transcription factors. Cell 80, 847–857. 
Ratcliffe, O. J., Amaya, I., Vincent, C. A., Rothstein, S., Carpenter, R., Coen, E. S., 
and Bradley, D. J. (1998). A common mechanism controls the life cycle and 
architecture of plants. Development 125, 1609-1615.  
Ratcliffe, O., Bradley, D.J., and Coen, E.S. (1999). Separation of shoot and floral 
identity in Arabidopsis. Development 126, 1109–1120. 
Riechmann, J.L., Wang, M., and Meyerowitz, E.M. (1996). DNA binding properties 
of Arabidopsis MADS domain homeotic proteins APETALA1, APETALA3, 
PISTILLATA and AGAMOUS. Nucleic Acids Res. 24, 3134–3141. 
Rita G. and Thomas L. (2003). Stem cell regulation in the shoot meristem. Journal of 
Cell Science 116, 1659-1666. 
Ruiz-Garcia, L., Madueno, F., Wilkinson, M., Haughn, G., Salinas, J., and 
Martinez-Zapater, J.M. (1997). Different roles of flowering-timegenes in the 
activation of floral initiation genes in Arabidopsis. Plant Cell 9, 1921–1943. 
Samach, A., Klenz, J.E., Kohalmi, S.E., Risseeuw, E., Haughn, G.W., and Crosby, 
W.L. (1999). The UNUSUAL FLORAL ORGANS gene of Arabidopsis thaliana is 
an F-box protein required for normal patterning and growth in the floral meristem. 
Plant J. 20, 433–445. 
Samach, A., Onouchi, H., Gold, S.E., Ditta, G.S., Schwarz-Sommer, Z., Yanofsky, 
M.F., and Coupland, G. (2000). Distinct roles of CONSTANS target genes in 
reproductive development in Arabidopsis. Science 288, 1613–1616.  
 110
Sanger, F., Nicklen, S., and Coulsen, A.R. (1977). DNA sequencing with chain 
terminating inhibitors. Proc. Natl. Acad. Sci. USA 74, 5463-5467.  
Satina, S., Blakeslee, A.F., and Avery, A.G. (1940). Demonstration of the three germ 
layers in the shoot apex of Datura by means of induced polyploidy in periclinal 
chimeras. Am. J. Bot. 27, 895-905. 
Schena, M. (1991). A steroid-inducible gene expression system for plant cells. Proc. 
Natl. Acad. Sci. USA 88, 10421-10425. 
Schultz, E.A. and Haughn, G.W. (1991). LEAFY, a homeotic gene that regulates 
inflorescence development in Arabidopsis. Plant Cell 3, 771–781. 
Schultz, E. A. and Haughn, G. W. (1993). Genetic analysis of the floral initiation 
process (FLIP) in Arabidopsis. Development 119, 745-765. 
Searle, I., He, Y., Turck, F., Vincent, C., Fornara, F., Kröber, S., Amasino, R.A., 
and Coupland, G. (2006). The transcription factor FLC confers a flowering 
response to vernalization by repressing meristem competence and systemic 
signaling in Arabidopsis. Gene Dev 20, 898–912. 
Sharma, V.K., Carles, C., and Fletcher, J.C. (2003).Maintenance of stem cell 
population in plants. Proc. Natl. Acad. Sci. USA 100, 11823-11829.  
Shannon, S. and Meeks-Wagner, D.R. (1991). A mutation in the Arabidopsis TFL1 
gene affects inflorescence meristem development. Plant Cell 3, 877–892. 
Sheldon, C.C., Conn, A.B., Dennis, E.S., and Peacock, W.J. (2002). Different 
regulatory regions are required for the vernalization-induced repression of 
 111
FLOWERING LOCUS C and for the epigenetic maintenance of repression. Plant 
Cell 14, 2527–2537. 
Shore, P. and Sharrocks, A.D. (1995). The MADS-box family of transcription factors. 
Eur. J. Biochem. 229, 1–13. 
Simon, R., Igeño, M.I., and Coupland, G. (1996). Activation of floral meristem 
identity genes in Arabidopsis. Nature 382, 59-62. 
Simpson, G.G. and Dean, C. (2002). Arabidopsis, the Rosetta stone of flowering time? 
Science 296, 285-289. 
Simpson, G.G., Gendall, A.R., and Dean, C. (2002). When to switch to flowering. 
Ann. Rev. Cell Dev. Bio. 15, 519-550. 
Smyth, D.R., Bowman, J.L., and Meyerowitz, E.M. (1990). Early flower 
development in Arabidopsis. Plant Cell 2, 755-767. 
Steeves, T.A. and Sussex, I.M. (1989). Patterns in Plant Development. New York: 
Cambridge Univ. Press 
Sussex, I. M. (1989). Developmental programming of the shoot meristem. Cell 56, 
225-229. 
Sung, S. and Amasino, R.M. (2004). Vernalization in Arabidopsis thaliana is 
mediated by the PHD finger protein VIN3. Nature 427, 159–164. 
Tang, W., Collver, H., and Kinken, K. (2004). Dexamethasone-Inducible Green 
Fluorescent Protein Gene Expression in Transgeni. Plant Cells Geno. Prot. 
Bioinfo. 2, 221-224. 
 112
Telfer, A., Bollman, K.M., and Poethig, R.S. (1997). Phase change and the regulation 
of trichome distribution in Arabidopsis thaliana. Development 124, 637-644. 
Theißen, G., Kim, J.T., and Saedler, H. (1996). Classification and phylogeny of the 
MADS-box multigene family suggest defined roles of MADS-box gene 
subfamilies in the morphological evolution of eukaryotes. J. Mol. Evol. 43, 
484-516. 
Thomas, J. (2004). Molecular and Genetic Mechanisms of Floral Control. Plant Cell 
16, S1–S17. 
Valverde, F., Mouradov, A., Soppe, W., Ravenscroft, D., Samach, A., and 
Coupland, G. (2004). Photoreceptor regulation of CONSTANS protein in 
photoperiodic flowering. Science 303, 1003–1006. 
Van De Peer, Y. and De Wachter, R. (1994). TREECON for Windows: a software 
package for the construction and drawing of evolutionary trees for the Microsoft 
Windows environment. Comput. Appl. Biosci. 10, 569–570. 
Vandenbussche, M., Zethof, J., Souer, E., Koes, R., Tornielli, GB., Pezzotti, M., 
Ferrario, S., Angenent, G.C., Gerats, T. (2003). Towards the analysis of the 
Petunia MADS box gene family by reverse and forward transposon insertion 
mutagenesis approaches: B, C and D floral organ identity functions require 
SEPALLATA-like MADS box genes in Petunia. Plant Cell 15, 680-2693. 
Vijayraghavan, U., Prasad, K., and Meyerowitz, E.M. (2005). Specification and 
maintenance of the floral meristem: interactions between positively acting 
promoters of flowering and negative regulators. Curr. Sci. 89, 1835-1843.  
 113
Wagner, D., Sablowski, R.W.M., and Meyerowitz, E.M. (1999). Transcriptional 
activation of APETALA1 by LEAFY. Science 285, 582–584. 
Wagner, D. and Meyerowitz, E.M. (2002). SPLAYED, a novel SWI/SNF ATPase 
homolog, controls reproductive development in Arabidopsis. Curr. Biol. 12, 
85–94. 
Webster, M. A. and Gilmartin, P. M. (2003). A comparison of early floral ontogeny 
in wild-type and floral homeotic mutant phenotypes of Primula. Planta 216, 
903–917. 
Weigel, D., Alvarez, J., Smyth, D.R., Yanofsky, M.F., Meyerowitz, E.M. (1992). 
LEAFY controls floral meristem identity in Arabidopsis. Cell 69, 843-859. 
Weigel, D., and Meyerowitz, E.M. (1993). Activation of floral homeotic genes in 
Arabidopsis. Science 261, 1723–1726. 
Weigel, D. and Nilsson, O. (1995). A developmental switch sufficient for flower 
initiation in diverse plants. Nature 377, 495–500. 
Weigel, D. and Jurgens, G. (2002). Stem cells that make stems. Nature 415, 751-754.  
Whipple, C. J. (2004). Conservation of B-class floral homeotic gene function between 
maize and Arabidopsis. Development 131, 6083–6091. 
Wigge, P.A., Kim, M.C., Jaeger, K.E., Busch, W., Schmid, M., Lohmann, J.U., 
and Weigel, D. (2005). Integration of spatial and temporal information during 
floral induction in Arabidopsis. Science 309, 1056–1059. 
Wilson, R.N., Heckman, J.W., and Somerville, C. (1992). Gibberellin is required for 
 114
flowering in Arabidopsis thaliana under short days. Plant Physiol. 100, 403–408. 
Yu, H., Xu, Y., Tan, E. L., and Kumar, P.P. (2002). AGAMOUS-LIKE 24, a dosage 
dependent mediator of the flowering signals. Proc. Natl. Acad. Sci. USA 99, 
16336-16341. 
Yu, H., Ito, T., Zhao, Y., Peng, J., Kumar, P.P., and Meyerowitz, E.M. (2004a). 
Floral homeotic genes are targets of gibberellin signaling in flower development. 
Proc. Natl. Acad. Sci. USA 101, 7827-7832. 
Yu, H., Ito T., Wellmer, F., and Meyerowitz, E.M. (2004b). Represssion of 
AGAMOUSLIKE 24 is a crucial step in promoting flower development. Nat. 
Genet. 36, 157-161. 
Zik, M., and Rish, V.F. (2003). FLOWER DEVELOPMENT: Initiation, 
Differentiation, and Diversification. Ann. Rev. Cell Dev. Bio. 19, 119-140. 
 115
